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Tumor Suppressor genes play a major role in the pathogenesis 
of human lung cancer and other cancers. Cytogenetic and 
allelotyping studies of fresh tumor and tumor-derived cell 
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CHROMOSOME 3P21.3 GENES ARE TUMIOR 
SUPPRESSORS 

This is a continuation of application U.S. Ser. No. 10/445, 
718 filed May 27, 2003, which is a divisional of U.S. Ser. No. 5 
09/902,003 filed Jul. 10, 2001, now abandoned, which claims 
the benefit of U.S. Provisional Application No. 60/217,112, 
filed Jul. 10, 2000. 

This invention was made with government Support under 
Grant No. P50-CA70907 awarded by National Institute of 10 
Health. The government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 15 
The invention generally relates to the fields of molecular 

biology and oncology. 
II. Related Art 
Cancer is the result in the occurrence of multiple factors. 

Mutations may occur in proto-oncogenes that cause cellular 20 
proliferation to increase. Mutations also may occur in tumor 
Suppressors whose normal function is to regulate cellular 
proliferation. Mutations in DNA repair enzymes impair the 
ability of the cell to repair damage before proliferating. 
Tumor Suppressor genes are normal genes whose absence 25 
(loss or inactivation) can lead to cancer. Tumor Suppressor 
genes encode proteins that slow cell growth and division. 
Cancer arises when there is a mutation in both alleles. 
Tumor Suppressor genes (TSGs) play a major role in the 

pathogenesis of human lung cancer and other cancers. Lung 30 
cancer cells harbor mutations and deletions in multiple 
known dominant and recessive oncogenes''. Known TSGs 
such as Rb, p53, and putative TSGs have been found at 
chromosome regions 3p, 5q 6p, 8p, 9p, and 11 p as well as 
other sites. Cytogenetic and allelotyping studies of fresh 35 
lung tumors and tumor cells showed tumor-cell allele loss at 
multiple sites, suggesting the existence of one or more Such 
TSGs''. However, cytogenetic changes and allele loss on 
the short arm of chromosome 3 (3p) have been shown to be 
most frequently involved in about 90% of small cell lung 40 
cancers (SCLCs) and >50% of non-small cell lung cancers 
(NSCLCs):''''. SCLC and NSCLC are the two treatment 
groups of lung tumors and are made up of four histological 
types. Squamous cell-, adeno-, and large cell carcinomas are 
in the NSCLC group. Small cell lung cancer is in the SCLC 45 
group. Approximately 75% of lung tumors are NSCLCs. 
Metastases occur later with NSCLC than with SCLC. SCLC 
is one of the most metastatic of solid tumors. In addition, 
similar 3p changes have been seen in several other cancers in 
addition to lung, such as renal'', breast'', head and 50 
neck', pancreatic', kidney', oral', and uterine cervical 
cancers''. Furthermore, a group of TSGs, as defined by 
homozygous deletions in lung cancers, have been located and 
isolated at 3p21.3 in a 450-kb region'''. Studies of lung 
cancer preneoplasia indicate that 3p21 allele loss is the ear- 55 
liest genetic abnormality in lung cancer detected So far, occur 
ring in hyperplastic lesions; this shows that one or more 
3p-recessive oncogenes function as "gatekeepers' in the 
molecular pathogenesis of many human cancers, including 
lung cancer, where it is likely to be involved in >50% of all 60 
cases0:10:22-26. 

Recently, human chromosome band 3p21.3 has been 
shown to undergo overlapping homozygous deletions in sev 
eral SCLC and NSCLC lines; candidates of TSGs have been 
located in this critical region in several human cancers, fur- 65 
ther defining a TSG region''''''7. The evidence shows that 
genes in this 3p21 critical region are involved in regulation of 

2 
the telomerase-mediated cellular immortality pathway in 
lung, renal, and breast cancer cells’’. It has also been 
shown that 3p deletion occurs more frequently in the lung 
tumor tissues of patients who Smoke. In addition, elevated 
sensitivity to the carcinogen benzoapyrene diol epoxide at 
3p21.3 has been associated with an increased risk of lung 
cancer, Suggesting that 3p21.3 is a molecular target of car 
cinogens in lung cancer. Despite those studies, there 
remains a need to further identify the functions of these genes 
and demonstrate their involvement with cancer. 

SUMMARY OF THE INVENTION 

The tumor Suppressor genes at 3p21.3 are now disclosed: 
Gene 26 (CACNA2D2), PL6, Beta (BLU), LUCA-1 
(HYAL1), LUCA-2 (HYAL2), 123F2 (RASSF1), Fus1, 
101F6, Gene 21 (NPRL2), and SEM A3. The function of the 
individual 3p genes in Suppression of tumor growth and 
tumor progression, induction of apoptosis, alteration of cell 
cycle kinetics, and repression of telomerase activity has been 
characterized by the liposome- and recombinant adenoviral 
vector-mediated transfer of 3p genes in vitro and in vivo. This 
also is the initial disclosure of the Beta gene. 

Therefore, it is an objective of the present invention to 
provide methods of using tumor suppressors having a chro 
mosomal location of 3p21.3. It is also an objective to provide 
a tumor suppressor, Beta. Further, it is an objective to pro 
vide methods of constructing recombinant adenovirus in 
which these tumor Suppressors may be inserted. 
An embodiment of the present invention is an isolated 

polynucleotide encoding a polypeptide comprising an amino 
acid sequence of SEQ ID NO:2. There is also provided a 
nucleic acid with the sequence of SEQ ID NO: 1. Further 
provided is an isolated polypeptide comprising the amino 
acid sequence of SEQ ID NO:2. Another embodiment is a 
nucleic acid of 15 to about 100 base pairs comprising from 15 
contiguous base pairs of SEQID NO:1, or the complement 
thereof. A further embodiment includes from about 20, 25, 
30, 40, 50 or 100 contiguous base pairs of SEQID NO:1, or 
the complement thereof. 

Another embodiment of the invention is an isolated peptide 
having between 10 and about 50 consecutive residues of SEQ 
ID NO:2. Further, the peptide may comprise 15, 20, 25, or 30 
consecutive residues of SEQ ID NO:2. In this application, 
“about is defined as within + or -2 amino acids. 

Yet another embodiment is an expression cassette compris 
ing a polynucleotide encoding a polypeptide having the 
sequence of SEQ ID NO:2, wherein said polynucleotide is 
under the control of a promoter operable in eukaryotic cells. 
In another embodiment, the promoter of this expression cas 
sette is heterologous to the coding sequence. The promoter 
may be a tissue specific and inducible promoter. In another 
embodiment, the expression cassette may be contained in a 
viral vector. The viral vector may be a retroviral vector, an 
adenoviral vector, and adeno-associated viral vector, a vac 
cinia viral vector, or a herpesviral vector. In a further embodi 
ment the expression cassette may comprise a polyadenylation 
signal. 

Another embodiment is a cell comprising an expression 
cassette comprising a polynucleotide encoding a polypeptide 
having the sequence of SEQ ID NO:2, wherein said poly 
nucleotide is under the control of a promoter operable in 
eukaryotic cells, said promoter being heterologous to said 
polynucleotide. 

Yet another embodiment of the invention is a monoclonal 
antibody that binds immunologically to a polypeptide com 
prising SEQID NO:2, or an immunologic fragment thereof. 
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Also provided is a monoclonal antibody with a detectable 
label. The label may be a fluorescent label, a chemilumines 
cent label, a radiolabel and an enzyme. Another embodiment 
of the invention is a hybridoma cell that produces a mono 
clonal antibody that binds immunologically to a polypeptide 
comprising SEQ ID NO:2, or an immunologic fragment 
thereof. A further embodiment is a polyclonal antisera, anti 
bodies of which bind immunologically to a polypeptide com 
prising SEQID NO:2, or an immunologic fragment thereof. 

Yet another embodiment is a isolated and purified nucleic 
acid that hybridizes, under high Stringency conditions, to a 
DNA segment comprising SEQID NO: 1, or the complement 
thereof. In a further embodiment the nucleic acid is about 15, 
17, 20 or 25 bases in length. 
Another embodiment of the invention is a method for con 

structing a recombinantadenovirus comprising: (a) providing 
a shuttle vector, said shuttle vector comprising an adenoviral 
inverted terminal repeat (ITR) sequence, an expression cas 
sette comprising a promoter and a poly-A sequence, a trans 
gene under the control of said promoter, and unique restric 
tion sites at the 5’- and 3'-ends of the ITR-promoter 
transgene-poly-A segment; (b) cutting at said restriction 
enzyme sites; (c) ligating the released segment into an aden 
Oviral vector lacking the entire E1 and E3 regions and trans 
forming the resulting vector a bacterial host cell; (d) obtaining 
vector from said bacterial host cell and digesting the vector to 
release the E1/E3-deleted adenovirus genome; and (e) trans 
fecting the adenovirus genome into El-expressing host cells. 
In a further embodiment, the transgene is Gene 26 
(CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), Luca-2 
(HYAL2), 123F2 (RASSF1), Fus1, 101F6, Gene 21 
(NPRL2), or SEM A3. In another embodiment, the promoter 
may be a cytomegalovirus (CMV) promoter and said poly A 
sequence is bovine growth hormone (BGH) poly A sequence. 

Yet another embodiment of the invention is a method for 
constructing a recombinant adenovirus comprising: (a) pro 
viding a shuttle vector comprising an adenoviral inverted 
terminal repeat (ITR) sequence, an expression cassette com 
prising a promoter and poly-A signal sequence, a transgene 
under the control of said promoter, a tetracycline resistance 
off responsive element, and unique restriction sites at the 5' 
and 3' ends of the IRT-promoter-transgene-poly-A segment; 
(b) cutting at said restriction enzyme sites; (c) ligating the 
released segment into an adenoviral vector comprising a tet 
racyclin resistant-off transactivator gene and lacking the 
entire E1 and E3 regions, and transforming the resulting 
vector a bacterial host cell; (d) obtaining vector from said 
bacterial host cell and digesting the vector to release the 
E1/E3-deleted adenovirus genome; and (e) transfecting the 
adenovirus genome into El-expressing host cells. In a further 
embodiment, the transgene is Gene 26, PL6, Beta, LUCA-1, 
LUCA-2, 123F2, Fus 1, 101F6, Gene 21 or SEM A3. In 
another embodiment, the promoter may be a cytomegalovirus 
(CMV) promoter and said poly A sequence is bovine growth 
hormone (BGH) poly A sequence. 

In yet another embodiment, also provided is a shuttle vec 
tor comprising an adenoviral inverted terminal repeat (ITR) 
sequence, an expression cassette comprising a promoter and 
poly-A sequence, a TetR-Off responsive element, and unique 
restriction sites at the 5’- and 3'-ends of the ITR-promoter 
poly-A segment. In another embodiment of the invention the 
promoter is a cytomegalovirus (CMV) promoter and said 
poly A sequence is bovine growth hormone (BGH) poly A 
sequence. Also provided is a multipurpose cloning site in said 
segment, positioned between said promoter and said poly-A 
Sequence. 
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Yet another embodiment is an adenoviral vector compris 

ing a tetracycline resistant-off transactivator gene and lacking 
the entire E1 and E3-regions. 

Another embodiment of the invention is a method of diag 
nosing cancer in a subject comprising the steps of: (i) obtain 
ing a biological sample from said Subject; and (ii) assessing 
the expression of a functional Gene 26 (CACNA2D2), PL6, 
Beta (BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus1, 101F6, Gene 21 (NPRL2), or SEM A3 
product in sample. In a further embodiment the sample is a 
tissue sample. The tissue sample may be brain, lung, liver, 
spleen, kidney, lymph node, Small intestine, blood cells, pan 
creas, colon, stomach, cervix, breast, endometrium, prostate, 
testicle, ovary, skin, head and neck, esophagus, oral tissue, 
bone marrow or blood tissue. In another embodiment, the 
assessing comprises detecting a nucleic acid encoding Gene 
26 (CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), 
Luca-2 (HYAL2), 123F2 (RASSF1), Fus1, 101F6, Gene 21 
(NPRL2), or SEMA3. Detecting may comprise amplification 
said nucleic acid, nucleic acid hybridization, or sequencing. 
In another embodiment, assessing comprises detecting a 
Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), or SEMA3 polypeptide. The detecting of 
a Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), Gene 26 (CACNA2D2), PL6, Beta 
(BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus1, 101F6, Gene 21 (NPRL2), or SEM A3 
polypeptide may comprise ELISA or immunohistochemistry. 
In yet another embodiment, the assessing may comprise wild 
type or mutant oligonucleotide hybridization, with said oli 
gonucleotide configured in an array on a chip or wafer. In 
another embodiment of the invention, the expression of Gene 
26 (CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), 
Luca-2 (HYAL2), 123F2 (RASSF1), Fus1, 101F6, Gene 21 
(NPRL2), or SEM A3 is compared with the expression of 
Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), or SEMA3 in normal samples. In another 
embodiment, the comparison involves evaluating the level of 
Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), SEM A3 expression. 

Another embodiment is a non-human transgenic animal 
lacking one or both functional alleles of Gene 26 
(CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), Luca-2 
(HYAL2), 123F2 (RASSF1), Fus 1, 101F6, Gene 21 
(NPRL2). SEM A3. Also provided is a non-human transgenic 
animal that overexpresses Gene 26 (CACNA2D2), PL6, 
Beta (BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus 1, 101F6, Gene 21 (NPRL2), Gene 26 
(CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), Luca-2 
(HYAL2), 123F2 (RASSF1), Fus 1, 101F6, Gene 21 
(NPRL2), or SEM A3 as compared to a similar non-trans 
genic animal. In a further embodiment is a non-human trans 
genic animal, the genome of which comprises an expression 
cassette comprising a Gene 26 (CACNA2D2), PL6, Beta 
(BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus 1, 101F6, Gene 21 (NPRL2), Gene 26 
(CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), Luca-2 
(HYAL2), 123F2 (RASSF1), Fus 1, 101F6, Gene 21 
(NPRL2), or SEM A3 under the control of an inducible pro 
moter. 

An embodiment of the invention is a method for Suppress 
ing growth of a tumor cell comprising contacting said cell 
with an expression cassette comprising: (a) a nucleic acid 
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encoding Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), Gene 26 (CACNA2D2), PL6, Beta 
(BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus1, 101F6, Gene 21 (NPRL2), or SEMA3; and 
(b) a promoter active in said tumor cell, under conditions 
permitting the uptake of said nucleic acid by said tumor cell. 
In another embodiment, the tumor cell is derived from a brain 
tumor, lung tumor, liver tumor, spleen tumor, kidney tumor, 
lymph node tumor, Small intestine tumor, blood cell tumor, 
pancreatic tumor, colon tumor, stomach tumor, cervix tumor, 
breast tumor, endometrial tumor, prostate tumor, testicle 
tumor, ovarian tumor, skin tumor, head and neck tumor, 
esophageal tumor, oral tissue tumor, or bone marrow tumor. 
In a further embodiment, the nucleic acid is contained in a 
viral vector. The viral vector may be a retroviral vector, an 
adenoviral vector, and adeno-associated viral vector, a vac 
cinia viral vector, and a herpesviral vector. In yet another 
embodiment, the nucleic acid is contained in a liposome. 

Another embodiment of the invention is a method of alter 
ing the phenotype of a tumor cell comprising contacting said 
cell with an expression cassette comprising: (a) a nucleic acid 
encoding Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), Gene 26 (CACNA2D2), PL6, Beta 
(BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus 1, 101F6, Gene 21 (NPRL2), SEM A3; and 
(b) a promoter active in said tumor cell, under conditions 
permitting the uptake of said nucleic acid by said tumor cell. 
In another embodiment, the phenotype is selected from the 
group consisting of proliferation, migration, contact inhibi 
tion, Soft agar growth, cell cycling, invasiveness, tumorigen 
esis, and metastatic potential. In yet another embodiment, the 
promoter is a cytomegalovirus (CMV) promoter. 

Another embodiment is a method of inhibiting cancer in a 
Subject Suffering therefrom comprising administering to said 
Subject an expression cassette comprising: (a) a nucleic acid 
encoding Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), Gene 26 (CACNA2D2), PL6, Beta 
(BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus1, 101F6, Gene 21 (NPRL2), or SEM A3 
polypeptide; and (b) a promoter active in tumor cells of said 
subject, whereby expression of said polypeptide inhibits said 
cancer. In a further embodiment, the Subject is a human. In 
other embodiments, the nucleic acid encodes Gene 26 
(CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), Luca-2 
(HYAL2), 123F2 (RASSF1), Fus1, 101F6, Gene 21 
(NPRL2), or SEM A3Gene 26 (CACNA2D2), PL6, Beta 
(BLU), Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 
(RASSF1), Fus1, 101F6, Gene 21 (NPRL2), or SEM A3. In 
another embodiment, the cancer is a selected from the group 
consisting of brain cancer, lung cancer, liver cancer, spleen 
cancer, kidney cancer, lymph node cancer, Small intestine 
cancer, blood cell cancer, pancreatic cancer, colon cancer, 
stomach cancer, cervix cancer, breast cancer, endometrial 
cancer, prostate cancer, testicle cancer, ovarian cancer, skin 
cancer, head and neck cancer, esophageal cancer, oral tissue 
cancer, and bone marrow cancer. In yet another embodiment, 
the expression cassette is contained in a viral vector. The viral 
vector may be a retroviral vector, an adenoviral vector, and 
adeno-associated viral vector, a vaccinia viral vector, and a 
herpesviral vector. In another embodiment, the expression 
cassette is contained in a liposome. In another embodiment, 
the expression cassette further comprises a poly-A sequence. 
The poly-A sequence may be a bovine growth hormone 
(BGH) poly-A sequence. In a further embodiment, the 
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6 
expression cassette is administered intratumorally, in the 
tumor vasculature, local to the tumor, regional to the tumor, or 
systemically. 

Also provided in the method of inhibiting cancer is the 
administering of a chemotherapeutic agent to said Subject. In 
another embodiment, the chemotherapeutic comprises cispl 
atin (CDDP), carboplatin, procarbazine, mechlorethamine, 
cyclophosphamide, camptothecin, ifosfamide, melphalan, 
chlorambucil, buSulfan, nitroSurea, dactinomycin, daunoru 
bicin, doxorubicin, bleomycin, plicomycin, mitomycin, eto 
poside (VP16), tamoxifen, raloxifene, estrogen receptor 
binding agents, taxol, gemcitabien, navelbine, farnesyl-pro 
tein transferase inhibitors, transplatinum, 5-fluorouracil, Vin 
cristin, vinblastin and methotrexate. Also provided is the 
administering radiation to said Subject. In another embodi 
ment, the radiation is delivered local to a cancer site or is 
whole body radiation. The radiation may comprise Y-rays, 
X-rays, accelerated protons, microwave radiation, UV radia 
tion or the directed delivery of radioisotopes to tumor cells. In 
yet another embodiment, a second anticancer gene may be 
administered to said subject. The second anticancer gene may 
be a tumor Suppressor. The second anticancer gene may be an 
inhibitor of apoptosis. In another embodiment, the second 
anticancer gene is an oncogene antisense construct. 
An embodiment of the invention is a method of treating a 

Subject with cancer, comprising the step of administering to 
said subject a Gene 26 (CACNA2D2), PL6, Beta (BLU), 
Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus1, 
101F6, Gene 21 (NPRL2), SEM A3 polypeptide. In another 
embodiment, the cancer is a selected from the group consist 
ing of brain cancer, lung cancer, liver cancer, spleen cancer, 
kidney cancer, lymph node cancer, small intestine cancer, 
blood cell cancer, pancreatic cancer, colon cancer, stomach 
cancer, cervix cancer, breast cancer, endometrial cancer, 
prostate cancer, testicle cancer, ovarian cancer, skin cancer, 
head and neck cancer, esophageal cancer, oral tissue cancer, 
and bone marrow cancer. In a further embodiment, the 
polypeptide is contained withina liposome, the liposome may 
be comprised of N-(1-2,3-Dioleoyloxypropyl)-N.N.N-tri 
methylammonium (DOTAP) and cholesterol. In another 
embodiment, the Subject is human. 

Another embodiment of the invention is a method of 
screening a candidate Substance for anti-tumor activity com 
prising the steps of: (i) providing a cell lacking a functional 
Gene 26 (CACNA2D2), PL6, Beta (BLU), Luca-1 
(HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus 1, 101F6, 
Gene 21 (NPRL2), or SEM A3 polypeptide; (ii) contacting 
said cell with said candidate Substance; and (iii) determining 
the effect of said candidate substance on said cell. In another 
embodiment, the cell is a tumor cell. In another embodiment, 
the determining may comprises comparing one or more char 
acteristics of the cell in the presence of said candidate sub 
stance with the same one or more characteristics of a similar 
cell in the absence of said candidate substance. In a further 
embodiment, the characteristic is selected from the group 
consisting of Gene 26 (CACNA2D2), PL6, Beta (BLU), 
Luca-1 (HYAL1), Luca-2 (HYAL2), 123F2 (RASSF1), Fus1, 
101F6, Gene 21 (NPRL2), SEM A3 expression, phosphatase 
activity, proliferation, metastasis, contact inhibition, Soft agar 
growth, cell cycle regulation, tumor formation, tumor pro 
gression, metastasis and tissue invasion. In another embodi 
ment, the candidate Substance is a chemotherapeutic or radio 
therapeutic agent. Also provided is a candidate Substance 
selected from a small molecule library. In further embodi 
ments, the cell is contacted in vitro or in vivo. 
An embodiment of the invention is a method of Screening 

a candidate Substance for anti-tumor activity comprising the 
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steps of: (i) providing a cell; (ii) contacting said cell with said 
candidate Substance; and (iii) determining the effect of said 
candidate Substance on expression of a Gene 26 
(CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), Luca-2 
(HYAL2), 123F2 (RASSF1), Fus1, 101F6, Gene 21 
(NPRL2), or SEM A3 polypeptide. 

Another embodiment is a method of producing a Beta 
polypeptide in a host cell comprising: (a) providing an 
expression cassette comprising a nucleic acid encoding Beta 
operably linked to an promoter active in said host cell; (b) 
transferring said expression cassette into said host cell; and 
(c) culturing said host cell under conditions permitting 
expression of said Beta polypeptide. 

Yet another embodiment of the invention is a method of 
diagnosing cancer in a subject comprising the steps of: (i) 
obtaining a biological sample from said subject; and (ii) 
detecting hypermethylation of the promoter region of Gene 
26 (CACNA2D2), PL6, Beta (BLU), Luca-1 (HYAL1), 
Luca-2 (HYAL2), 123F2 (RASSF1), Fus1, 101F6, Gene 21 
(NPRL2), or SEM A3. 

Other objects, features and advantages of the present 
invention will become apparent from the following detailed 
description. It should be understood, however, that the 
detailed description and the specific examples, while indicat 
ing preferred embodiments of the invention, are given by way 
of illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF SUMMARY OF THE DRAWINGS 

The following drawings form part of the present specifica 
tion and are included to further demonstrate certain aspects of 
the present invention. The invention may be better understood 
by reference to one or more of these drawings in combination 
with the detailed description of specific embodiments pre 
sented herein: 

FIG. 1. Scheme of construction and production of recom 
binant adenovirus using pad-RAP and p Ad-RAP-Shuttle 
system. 

FIG. 2. Scheme of construction of recombinant adenovirus 
using pad-RAP-Tet-Off and pad-RAP-TRE-CMV-Shuttle. 
TetR-Off tetracyclin resistant-off transactivator gene, 
TRE=TetR-Off responsive elements. 

FIG. 3. Timing of genetic changes found in preneoplastic 
lesions of the respiratory epithelium associated with primary 
non-Small cell lung cancers. 

FIG. 4A-1-FIG. 4B-3. Allelotyping of 3p region in DNAS 
from human lung cancer cell lines and tumors. Filled 
ovals-loss of heterozygosity; open ovals retaining of alleles; 
and hatched ovals—homozygous deletions. 

FIG. 5. Scheme of the location of the 3p21 tumor suppres 
Sor region in human chromosome 3p and the structure of 
recombinant adenoviral vectors of 3p genes. The sizes of the 
individual 3p genes and their corresponding amino acid resi 
dues, and the active tumor Suppressor (TS) regions and 
known TSGs in the 3p are also indicated. 

FIG. 6A-6O. Effects of overexpression of 3p genes on 
tumor cell growth in Ad-3p-transduced lung cancer cells and 
normal human bronchial epithelial cells. MOIs were 
expressed as viral particles/cell (vp/c). 

FIG. 7A-7D. Quantification of adenovirus-mediated 3p 
gene expression in H1299 cells by Real Time RT-PCR. The 
MOIs are expressed as viral particles/cell (vp/c). 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
FIG. 8A-8E. Induction of apoptosis by overexpression of 

3p genes in Ad-3p-transduced lung cancer cells and normal 
HBEC. Apoptosis was analyzed by FACS with TUNEL reac 
tion. 

FIG.9A-1-9B-6. Effect of overexpression of 3p genes on 
cell cycle kinetics in Ad-3p-transduced human lung cancer 
cells A549 and H1299. 

FIG. 10. Effect of overexpression of 3p genes on A549 
tumor growth by intratumoral injection of Ad-3p vectors in 
nude mice. 

FIG.11. Effect of overexpression of 3p genes on A549 lung 
metastatic tumor growth by systemic injection of protamine 
Ad-3p vector complexes in nude mice. 

FIG. 12A-12D. Map of the RASSF1 locus, transcripts, and 
protein domains, A) The exon-intronstructure of the RASSF1 
locus with the location of the CpG islands in the predicted 
promoter regions (the locations of which are shown by 
double-headed arrows) of RASSF1A and RASSF1C. 
RASSF1A transcription is predicted to come from the most 
centromeric promoter region located within a CpG island and 
begins with exon 1 A. RASSEiF also commences at this pro 
moter but is missing exon iC. Transcription of RASSFIC is 
predicted to begin in the most telomeric promoter region, 
which is approximately 2 kilobases from that of RASSF1A 
and begins with exon 1. Blocks represent exons; lines repre 
sent introns. B) Schematic of the RAS transcript and pre 
dicted protein-sequence domains. The location of the various 
primers (PKCDF, NF, R182, and R292) used for isoform 
specific reverse transcription (RT)-polymerase chain reaction 
(PCR) analyses are indicated. Tick marks identify the exon 
boundaries. The potential arc homology 3 (5H3)-binding 
region, putative diacylglycerol (DAG)-binding domain, 
PEST sequence, Rasassociation domain, and ataxia-telang 
iectasia-mutated (ATM) phosphorylation site are labeled. C) 
Schematic of the RASSFIC transcript and predicted protein 
sequence domains. The locations of the various primers 
(NOX3, R182, and R292) used for isoform-specific RT-PCR 
analyses are indicated. D) Schematic of the RASSFIF tran 
Script and predicted protein-sequence domains. 

FIG. 13 A-13C. RASSF1A and RASSF1C messenger RNA 
levels detected by isoform-specific reverse transcription 
polymerase chain reaction (RT-PCR) in a sampling of lung 
cancer cell lines (A), breast cancer lines (B), and resected 
lung tumors and normal human lung and breast epithelial 
cultures (C). All RT-PCR products were separated on 2% 
agarose gels and were identified by staining with ethidium 
bromide. Arrows indicate location of transcripts. A) Lung 
cancer lines tested in lanes: 1-11157; 2=11358; 3=11727; 
4=11740; 5=11748; 6=11838; 7=111184; 8=111299; 
9=111304; 10=111437; 11=111450; 12=111770; 
13=111792: 14=111963; 15=111993: 16–112009; 
17=112077; iS=112108; 19=11HCC44; and 20–HCC78. B) 
Breast cancer lines tested in lanes: 1=11CC38:2=11CC1187: 
3=HTB19; 4=HTB2O: 5-HTB22: 6=11TB23; 7=11TB24; 

19–11CC1569; 20=11CC1806; and 21=11CC2157. C) 
Resected lung adenocarcinoma samples (ADC 1-5) and cul 
tures of normal small-airway epithelial cells (SAECs), nor 
mal human bronchial epithelial (NHBE) cultures, and normal 
human breast epithelial (NHBRE) cultures. 

FIG. 14. Expression of RASSF1A after treatment of lung 
cancer cells with 5-aza-2'-deoxycytidine (SAza-CdR). NCI 
111157, a non-small-cell lung carcinoma (NSCLC) cell line 
that expresses RASSF1C but not RASSF1A, was grown in 
the presence (+ lanes) and absence (- lanes) of 0.5 p.M 
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SAZa-CdR for 48 hours. Total RNA was isolated, comple 
mentary DNA was prepared, and isoform specific reverse 
transcription-polymerase chain reaction was performed for 
RASSF1A, RASSF1C, and glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as a control. 

FIG. 15. Methylation-specific polymerase chain reaction 
(PCR) for the detection of methylated RASSF1A 5, CpG 
sequences in primary resected non-small-cell lung carcino 
mas (NSCLCs) and their accompanying normal lung tissue 
(upper panel), Small-cell lung carcinoma (SCLC) cell lines 
(middle panel), and primary breast cancers (lower panel). 
Representative samples are shown. For resected NSCLCs, 
U=results with primers specific for unmethylated sequences: 
M results with primers specific for methylated sequences. 
NL-normal lung tissue: T-tumor; Presults with peripheral 
blood lymphocyte DNA, which is unmethylated or in vitro 
methylated (IVMD); and 1120-negative controls with water 
blanks. For SCLCs, each lane shows the PCR results for the 
methylated sequences from a different cell line. Lane 20 is 
negative control. For the breast cancers, each lane shows the 
PCR results for methylated sequences from a different 
sample. PCR products were separated on 2% agarose gels and 
bands were detected after staining with ethidium bromide. 

FIG.16. Kaplan-Meier survival curve for 107 patients with 
resected non-small-cell lung carcinomas based on RASSF1A 
methylation status (32 methylated and 75 not methylated), 
For the patients with unmethylated RASSF1A alleles, the 
number of cases=75, censored=39, and events=36, with a 
mean overall survival of 52 months (95% confidence interval 
CI-44 to 59) and a median overall survival of 49 months 
(95% CI=44 to 59); for the patients with methylated 
RASSF1A alleles, the number of cases=32, censored-nine, 
and events=23, with a mean overall survival of 37 months 
(95% CI=27 to 46) and a median overall survival of 28 
months (95% CI =9 to 47). The log-rank test statistic for 
equality of survival distributions for RASSF1A methylation 
was 3.97, with df 1, P=0.0463. The patients at risk for each 
group were: RASSF1A unmethylated—12 months (n=63), 
36 months (n=34), and 60 months (n=16); RASSF1A methy 
lated—12 months (n=24), 36 months (n=13), and 60 months 
(n=5). 

FIG. 17A-17E. Effect of RASSF1A on the in vitro and in 
vivo growth of the non-small-cell lung carcinoma (NSCLC) 
cell line NCI-111299. A) Anchorage-dependent and anchor 
age-independent colony formation after transfection of NCI 
H1299 cells with the -ioo empty vector (pcDNA3.1+) or 
peDNA3.1+ expression vectors containing wild-type p53 or 
RASSF1A. For analysis of anchorage-dependent growth, 
after 2 days in nonselective growth medium, transfected NCI 
111299 cells were diluted into 100-mm dishes with selective 
medium. Transfected cells were plated in liquid medium (for 
anchorage-dependent assays) or soft agar (for anchorage 
independent assays) containing 800 p.g/mL of G418. Colo 
nies were stained with methylene blue in anchorage-depen 
dent experiments after 14 days. Results represent the average 
of eight to 12 experiments in liquid medium and three soft 
agar experiments. Standard deviations are shown or are less 
than 2%. Solid bars-anchorage-dependent growth (95% con 
fidence interval ICI-0 to 36 for wt-p53 (wild-type) and 52 to 
60 for RASSFIA); open bars-anchorage-independent growth 
(95% CI=0 to 6 for wild-type (wt)-p53 and 0 to 39 for RASS 
FIA). B) Northern blot analysis of the RASSF1A expression 
in stable clones of NCI-H1299 cells transfected with the 
pcDNA3.1+ vector or pcDNA3.1+ containing RAS comple 
mentary DNA (cDNA). The vector control (vector) and four 
separate clones with various RASSF1A messenger RNA lev 
els are shown. Several of these clones were used in the 
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10 
anchorage-independent growth assay shown in D. Ethidium 
bromide staining of the ribosomal RNA is shown as a loading 
control. The clones were also verified to express the 
RASSF1A isoform by reverse transcription-polymerase 
chain reaction with the use of isoform-specific primers. C) 
Soft-agar (anchorage-independent) colony formation in 
Stable clones of NCI-111299 cells transfected with the 
pcDNA3.1+ vector or pcDNA3.1+ containing RASSF1A 
cDNA. The means and standard deviations are shown. For 
each of the RASSFIA expressing clones, the 95% CI=0 to 4 
for F1A.4, 2 to 16 for F1A.5, and 3 to 14 for FIA. 19. D) 
NCI11 1299 cells were infected with the pBABEpuro retro 
virus expression vectors containing either the vector control 
or the RASSF1A or RASSF1C cDNAs. Infected cells (10000 
per plate) were Suspended in 0.33% agar, and the Suspension 
was layered over a 0.5% agar base. Colonies greater than 0.2 
mm in diameter were counted after 21 days. The lower right 
panel shows a representative western blot, developed with a 
rabbit antibody to the RASSF1-glutathione S-transferase 
fusion protein, to verify the expression of the RASSF1 pro 
teins. C-positive control generated by transient transfection 
of NCI-111299 cells with peDNA3.1+ containing RASSF1A 
cDNA; V=infection of NCI-H1299 cells with the retroviral 
vector control (note runover from positive control; 
1 A=infection of NCI-H1299 cells with the retroviral vector 
containing RASSF1A; and 1C–infection of NCI-H 1299 cells 
with the retroviral vector containing RASSF1C.E) Effect of 
RASSF1A on the in vivo growth of NCI-111299 cells. 
Approximately 107 viable NCI-H 1299 cells expressing 
RASSF1A were injected into the flanks of each of five pre 
viously irradiated BALB/c (nulnu) nude mice. Tumor size 
was monitored overtime, and size is shown in cubic millime 
ters. The average Volume of tumors grown in more than 20 
mice that were given an injection of vector-transfected NCI-H 
1299 cells is shown (H1299 parent). Mice that were given an 
injection of RASSFIA-infected NCI-H 1299 cells grew no 
measurable tumors. 

FIG. 18. Schematic representation of the location of the 
putative 3p21.3 tumor Suppressor region in human chromo 
some 3p and the structure of the recombinant adenoviral 
vectors of 3p21.3 genes. The sizes of the individual 3p21.3 
genes and their corresponding amino acid residues deduced 
from coding sequences of cDNAs, and the active tumor Sup 
pressor (TS) regions and known TSGs in the 3p are indicated. 
The recombinant adenoviral vectors of 3p21.3 genes (Ad 
3ps) were constructed by inserting a mammalian expression 
cassette in which the 3p21.3 gene was driven by a CMV 
promoter and tailed with BGH polyA signal sequence into the 
E1-deleted region of the replication incompetent adenovirus 
type 5 (Ad5) genome. The relative locations of E1-deletion 
(AE 1) and E3-deletion (AE3), the inverted repeated terminal 
(IRT) sequences in the Ad5 genome are indicated. 

FIG. 19A-19E. Effects of exogenous expression of 3p21.3 
genes on tumor cell growth in Ad-3p-transduced human lung 
cancer cells and normal bronchial epithelial cells. Cells were 
transduced with adenoviral vectors of 3p21.3 genes, 101F6, 
NPRL2, BLU, RASSF1C FUS1, HYAL2, and HYAL1, con 
trol genes, Lacz and p53, and empty vector, Ad-EV, at highest 
MOIs (vp/c), 5000 for A549, 1000 for H1299, 5000 for 
11460, 2500 for H358, and 1000 for HBE, respectively, and 
PBS alone was used as a mock control. The cell viability was 
expressed as the percentage of viable adenoviral vector-trans 
duced cells in relation to PBS-treated control cells (100%). 
The error bars represent standard deviations of the mean in at 
least three individual experiments. Treatments were given in 
quadruplicate for each experiment. The significance of the 
difference in cell viability between vector-treated cells and 
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the Ad-EV-, Ad-Lacz-, or PBS-treated controls was analyzed 
by two-sided Students T-test. P-0.05 was taken as signifi 
cant. The differences between the cell viability of the Ad-EV 
and Ad-Lacz-transduced cells versus PBS-treated controls 
were not significant (P=0.25 to P=0.95 from different time 
points and cell lines). The differences between the cell viabil 
ity of the Ad-101F6, Ad-Fus1, and Ad-NPRL2-transduced 
cells versus the Ad-EV-, Ad-Lacz-transduced, or PBS-treated 
controls at same MOIs were significant in A549, H1299, and 
in H460 at both 3 days and 5 days posttransduction. 
(Ps 0.0001 to Ps0.005) but not significant in H358 and 
HBEC cell lines at both 3 and 5 days posttransduction 
(P20.10 to P20.95, from different time points and cell lines), 
respectively. The effects of Ad-BLU, Ad-HYAL2, and Ad 
HYAL1 on cell viability were not significant in all cell lines 
(P>0.45) compare to those of Ad-EV and Ad-Lacz. 

FIG. 20A-20D. Quantification of adenovirus-mediated 
3p21.3 gene expression in H1299 cells by real-time RT-PCR. 
The real-time RT-PCR was performed and PCR profiles were 
generated by an ABI Prism 7700 Sequence Detection system 
and equipped software (Perkin Elmer Applied Biosystems). 
Known concentrations of B-Actin DNA were used as a stan 
dard. The H1299 cells were transduced by adenoviral vectors 
of 3p21.3 genes, FUS1 (A), 101F6 (B), NPRL2 (C), and 
HYAL1 (D) at a MOI of 1, 5, and 10 pfu/cell for 48 hr, 
respectively, as indicated by arrows. 

FIG. 21A-21E. Induction of apoptosis by exogenous 
expression of 3p21.3 genes in Ad-3p-transduced human 
NSCLC cells and normal HBECs. Apoptosis were analyzed 
by FACS, using TUNEL reaction with FITC-labeled dUTP. 
Cells were transduced with adenoviral vectors of 3p21.3 
genes at an MOIs (vp/c) of 5000 for A549 (A), 1000 for 
H1299 (B), 5000 for H460 (C), 2500 for H358 (D), and 1000 
for HBEC (E), respectively, and PBS, Ad-EV, and p53 were 
used as controls. Cell were harvested and analyzed for apo 
ptosis at the indicated days posttransduction. The rate of 
apoptosis is expressed as the percentage of FITC-labeled 
cells in the total cell population. The error bars represent 
standard deviations of the mean in two or three repeated 
experiments with triplicate treatments and TUNEL reactions 
for each experiment. The significance of the difference in 
apoptosis between vector-treated cells and the Ad-EV-, Ad 
Lacz-, or PBS-treated controls was analyzed by two-sided 
Students T-test. P<0.05 was considered significant. The dif 
ferences between the apoptosis induced by the Ad-EV- and 
Ad-Lacz-transduced cells versus PBS-treated controls were 
not significant (P=0.925 to P=0.675 from different time 
points and cell lines). The differences between the apoptosis 
induced in the Ad-101F6, Ad-FUS1, and Ad-NPRL2-trans 
duced cells versus the Ad-EV-, Ad-Lac7, or PBS-treated con 
trols were significant in A549 and H460 cells at both 3 days 
and 5 days posttransduction (Ps0.0001 to Ps0.005), and 
significant versus the Ad-EV- and PBS-treated cells in H1299 
at 5 days posttransduction (Ps0.02), but not significant in 
H358 and HBEC cell lines at both 3 and 5 days posttransduc 
tion at all time points (P20.85 to P20.95), respectively. 
Induction of apoptosis in Ad-p53-transduced H358 cells were 
significant at all time points compared to all other treatments 
(P<0.0001). Induction of apoptosis in cells treated with Ad 
BLU, Ad-HYAL2, and Ad-HYALya11 was not significant 
compared to those treated with PBS, Ad-EV, or Ad-Lacz, in 
all cell lines at all time points (P-0.85). 

FIG. 22A-22B. Effects of intratumoral administration of 
adenoviral vectors of 3p21.3 genes on growth of human lung 
cancer A549 (A) and H1299 (B) subcutaneous tumors in 
nu/nu mice. When the tumor reached 5 to 10 mm in diameter 
at about 2 weeks after tumor inoculation, the tumor was 
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injected with individual adenoviral vectors of 3p21.3 genes, 
101F6, NPRL2, BLU, RASSF1CFUS1, HAYL2, and 
HYAL1 or control vectors Ad-EV. Lacz, and p53, at a dose of 
5x10" vp/tumor each in 200ul of PBS for three times within 
a week, respectively, and PBS alone was used as a mock 
control. Results were reported as the meant-SD in 5-10 mice 
for each treatment group. Tumor Volumes were normalized 
by the percentage increase of tumor sizes after treatment 
relative to those at the beginning of the treatment in each 
group. Mean tumor Volumes-tSE from these experiments are 
shown. ANOVA was performed to determine statistical sig 
nificance between each treatment group using a Statistica 
software (StatSoft Inc.) and Ps0.05 was considered signifi 
cant. The differences betweofen the tumor volumes ofin the 
Ad-101F6, Ad-FUS1, Ad-NPRL2-treated mice versus in the 
Ad-EV- and Ad-Lac7-treated mouse controls were statisti 
cally significant in both A549 and H1299 tumor models 
(P<0.0001), and the difference in the Ad-HYAL2-treated 
mice was significant in A549 (P=0.024) but not in H1299 
tumor models, after 5 days from the last injection (P<0.0001), 
but not significant in Ad-HYAL1, Ad-HYAL2. 
Ad-RASSF1C, and Ad-BLU-treated (P>0.05 in both A549 
and H1299 tumor models). 

FIG. 23A-23B. Effect of systemic administration of prota 
mine-Ad-3p complexes on development of A549 experimen 
tal lung metastases in nu/nu mice. A. Relative metastatic 
tumors in mice treated with P-Ad-3p21.3 genes. All animals 
were i.v. injected with various protamine-adenoviral vector 
complexes every other two days for 3 times each at a dose of 
3x10" viral particles plus 300 ug protamine in a total volume 
of 200 ul per animal, and PBS alone was used as a mock 
control. Each treatment group consisted of 5-10 animals. 
Lungs were harvested two weeks after the last injection and 
metastastic colonies on the Surfaces of lung were counted 
without knowledge of the treatment groups. Development of 
metastases were represented as the percentages of metastatic 
colonies formed in protamine-adenovirus complexes-treated 
groups in relation to those in the PBS-treated group (as 
100%). Error bars represent as standard error (SE). Non 
parametric t-test (Wald-Wolfowitz Runs Test) was performed 
to determine statistical significance between each treatment 
group using a Statistica software (StatSoft Inc.) and Ps().05 
was considered significant. A significant inhibition of devel 
opment of metastases was observed in mice treated with 
P-Ad-101F6 (P=0.002), P-Ad-NPRL2 (P=0.001), P-Ad 
BLU (P=0.018), P-Ad-FUS1 (P=0.002), and P-Ad-HYAL2 
(P=0.014), respectively, compared to mice treated with PBS, 
P-Ad-EV, or P-Ad-Lacz, but no significant inhibition in mice 
treated with P-Ad-BLU (P=0.818) or P-Ad-HYAL1 
(P=0.904). B., the representative photos of lungs stained with 
India ink for metastases. The metastatic colonies were shown 
as white spots on the Surfaces of lung. 

FIG. 24. (a) RT-PCRAnalysis of NSCLCs clDNA HCC515 
(Wild type FUS1) and H322 (smaller cDNA mutant form of 
FUS1). (b) Genomic structure of wild type FUS1 and the 
mutant aberrant slicing form. Top line is genomic DNA from 
cosmid clone LUCA#13 (#Z84492) and the indicated nucle 
otide sequence numbers (SEQID NO:17). Arrowheads indi 
cated primers for SSCP analysis. Boxes represent cDNA with 
the open reading frames (black) and untranslated regions 
(white) for the 110 amino acid wild type and 82 amino acid 
aberrant splice form of FUS1. Note the sequence for FUS1 
and FUS1-aberrant is the same for the first 80 amino acids. 
Three sets of primers were designed to cover the full FUS1 
open reading frame for PCR-SSCP analysis. The primers 
used were S1: GTTATGGTAGTGCGGACTG (SEQ ID 
NO:11) and AS1, GGTGGAACCATTGCCCTTAC (SEQID 
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NO:12); S2. GACCTGTGACATTTGCCGTG (SEQ ID 
NO:13) and AS2, CAACAGATCCCATCTGGGTC (SEQID 
NO:14): S3; and CCTGAGCTGACCCCTTACA (SEQ ID 
NO:15) and AS3, TCTGTCTGCCACCTCCCAG (SEQ ID 
NO:16). 

FIG. 25A-25B. (a.) Western blot analysis of endogenous 
and transient expression of FUS1 in lung cancer cells. Trans 
fection was performed according to the manufacture's 
instruction using DMRIEC (Life Technologies, Inc., GIBCO 
BRL Gaithersburg, Md.). NSCLC H1299 (2x10 cells) were 
plated in 3.5 cm dishes 24 hour before transfection and 2 g of 
plasmid and 4 ul of DMRIEC were used for each transfection. 
All of the plasmids were resequenced after PCR construction 
and the sequences of the various FUS1 open reading frames 
were verified. Ten ul of lysate was made from 2x10 cells 
using sample buffer (100 mM Tris 2% SDS 10% f-mercap 
toethanol 20% glycerol 0.03% PBP) and run in 12.5% SDS 
PAGEgels followed by transfer to nitrocellulose membranes. 
After blocking with 5% dry milk and 0.2% Tween 20 in PBS, 
the membranes were incubated at room temperature for 1 h 
with rabbit polyclonal antibodies. Anti FUS1 antibodies 
(1:300 dilution of sera) were generated by immunizing rab 
bits (Strategic Biosolution Ramona, Calif.) with peptides cor 
responding to amino acid 1 to 15 of the human FUS1 protein 
sequence. Anti-FLAG antibody M2 was from Sigma (St. 
Louis, Mo.). The membranes were developed after incuba 
tion with presence of peroxidase-labeled anti-rabbit or anti 
mouse IgG antibodies using Super Signal chemiluminescent 
substrate (Pierce Rockford, Ill.). The calculated molecular 
weight of FLAG-tagged FUS1 is 15 kd and the size of the 
band that was recognized by both antibodies is slightly higher 
than the calculated size. As expected the mutant FUS 1 (pre 
dicted to be 82 amino acids) is slightly smaller than wild type 
FUS 1 (110 amino acids). (b.) Results of colony formation 
assays in H1299 NSCLC cells. After transfection, the H1299 
cells were trypsinized, replated and cultured in G418 (600 
ug/ml) supplemented medium (RPMI 16405% fetal bovine 
serum) for 2 or 3 weeks and the number of G418 resistant 
colonies counted after staining with methylene blue in etha 
nol/PBS (50/50%). Note dramatic suppression of colony for 
mation after transfection with FUS1 and FUS1-FLAG but 
much less suppression with the 82 amino acid aberrant FUS1 
construct. The mean and standard deviations for an average of 
2-4 plates for 2 or more experiments for H1299 were: vector 
control pcDNA3.1, 100+18% (100%–248 colonies), FUS1 
FLAG 16-10%, FUS1 23.11%, FUS1 mutant 77.11%. 
Colony numbers of FUS1 and FUS1-FLAG transfected cells 
were significantly reduced (P<0.01, student's t test) com 
pared with vector control. H322 cells had 40+34% colony 
formation with FUS1-FLAG transfection compared to 100% 
for vector control (P<0.05). 

FIG. 26A-26D. (a.) Induction of FUS1 protein by Ecdys 
one expression vector (Invitrogen, Carlsbad, Calif.) under the 
control of the Ponasterone A in NCI-H1299 stable transfected 
clones. The inventors transfected the regulatable hormone 
receptor vector pVgRXR into H1299 and obtained 20 Zeocin 
(selection marker of pVgRXR) resistant clones. These stable 
pVgRXR transfectants were screened for B-gal activity fol 
lowing transfection with plND-Lacz. From these clones the 
inventors selected clone ECR 9 as a parent cell line in which 
B-gal activity was specifically regulated by Ponasterone A in 
H1299 cells. The inventors made an expression vector which 
contained FUS1-FLAG (pIND sp1-FUS1-FLAG) and trans 
fected this into ECR 9. Western analysis. Ten lug total cell 
lysate protein from each cell line and anti-FUS1 antibody 
were used for the analysis. The concentration (LM) of Pon 
asterone A used for induction is indicated above the blots. 
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ECR9 is H1299 parent cell line transfected with the regula 
tory vector alone; clones 13 and 16 represent H1299 clones 
containing a regulatable FUS1 vector. The in vitro growth of 
(b.) NSCLC H1299ECR 9 (control), (c.) 
H1299FUS1Clone13 and (d.) H1299FUS1Clone16 was 
measured by the MTT assay. Cells (10) were plated in 1 ml 
of RPMI 1640 (Life Technologies Inc.) with 5% fetal bovine 
serum and cultured in the presence (1, 5 uM) or absence of 
Ponasterone A in a 24 well plates (added at day 0) and wells 
were harvested for MTT assays at the days indicated. MTT 
(Sigma) was added to the cultures (500 ug/ml), incubated at 
37° C. for 2 hours, the intracellular formazan crystals solubi 
lized with isopropanol containing 0.01 NHCl, and the absor 
bance of the Solution at 560 nm was measured using a spec 
trophotometer. The OD 560 is directly proportioned to cell 
number in the range of 0-1.2. Data points representanaverage 
of 3 wells with SD (contained within the symbols) of each 
data point -5%. For cell cycle distribution analysis of the 
FUS1 inducible H1299 clones, cells (2x10) of ERC9, CL.13 
and Cl. 16 were plated on 10 cm dishes and cultured in the 
presence (5uM) or absence of Ponasterone A for 2 days. Cells 
were harvested, fixed in 50% ethanol/ PBS, treated with 5 
mg/ml RNase, stained with propidium iodide and analyzed 
for DNA content by FACSCaliber instrument (Becton Dick 
inson San Jose, Calif.). FACS analysis was performed in three 
independent experiments with similar results. Under FUS1 
induced conditions the % of cells in G1 increases signifi 
cantly (P<0.05) compared to controls. 

SEQUENCE SUMMARY 

SEQID NO: 1 Beta (BLU) nucleotide sequence 
SEQ ID NO: 2 Beta (BLU) amino acid sequence 

DETAILED DESCRIPTION OF THE INVENTION 

Tumor Suppressor genes (TSGs) play a major role in the 
pathogenesis of human lung cancer and other cancers. Lung 
cancer cells harbor mutations and deletions in multiple 
known dominant and recessive oncogenes''. Other TSGs 
that have been found to be altered in lung cancer are p53, p16, 
Rb, and FHIT-1. Known TSGs such as Rb, p53, and others 
have been found at chromosome regions 3p, 5q 6p, 8p, 9p, 
and 11p as well as other sites''. Cytogenetic and allelotyp 
ing studies of fresh lung tumors and tumor cells showed 
tumor-cell allele loss at multiple sites, Suggesting the exist 
ence of one or more such TSGs'. These loci are important 
in understanding predisposition to lung cancer among Smok 
ers. Loss of heterozygosity (LOH) is common in lung can 
cers, as in other solid tumors. Some of the chromosomal loci 
that experience a loss of heterozygosity in lung cancer are: 
9p21-p22, 13q14, 17p13.1, 3p12-p14, 3p21, 3p25, 5q21, 
11q12-q24, and 22d. Vulnerability to lung cancer may be due 
to genetic differences occurring at multiple loci. These genes 
may play a role in the metabolization of tobacco carcinogens. 
Cytogenetic changes and allele loss on the short arm of chro 
mosome 3 (3p) have been shown to be most frequently 
involved in about 90% of small cell lung cancers (SCLCs) and 
>50% of non-small cell lung cancers (NSCLCs)'. In addi 
tion, similar 3p changes have been seen in several other can 
cers, such as renal'', breast'''', head and neck, pancre 
atic'7, kidney', oral', and uterine cervical cancers''. 

Recently, human chromosome band 3p21.3 has been 
shown to undergo overlapping homozygous deletions in sev 
eral SCLC and NSCLC lines. Candidates of TSGS have been 
located in this critical region in several human cancers, fur 
ther defining a TSG region''''''. The evidence shows that 
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genes in this 3p21 critical region are involved in regulation of 
the telomerase-mediated cellular immortality pathway in 
lung, renal, and breast cancer cells’’. Cell hybrid and 
microcell chromosome 3 transfer studies have demonstrated 
the ability of human chromosome 3 genes to Suppress malig 
nancy in human lung, renal, and ovarian cancer cell lines''. 
It also has been shown that 3p deletion occurs more fre 
quently in the lung tumor tissues of patients who Smoke. In 
addition, elevated sensitivity to the carcinogen benzoa 
pyrene diol epoxide at 3p21.3 has been associated with an 
increased risk of lung cancer, Suggesting that 3p21.3 can be a 
molecular target of carcinogens in lung cancer'. 

This invention identifies genetic loci involved in lung can 
cer. A group of TSGs (Fus 1, 101F6, Gene21 (NPRL2), 
Gene26 (CACNA2D2), PL6, Luca1 (HYAL1), Luca2 
(HYAL2), 123F2 (RASSF1), Beta (BLU) and SEMA3), as 
defined by homozygous deletions in lung cancers, have been 
located and isolated at 3p21.3 in a 450-kb region'''''. 
Studies of lung cancer preneoplasia indicate that 3p21 allele 
loss is the earliest genetic abnormality in lung cancer detected 
So far. One or more 3p-recessive oncogenes function as "gate 
keepers' in the molecular pathogenesis of many human can 
cers, including lung cancer, where it is likely to be involved in 
>50% of all cases''' (FIG.3). 

Since (1) the 3p genes located at 3p21.3 in a 450 kb region 
are defined by homozygous deletions in lung cancers; (2) the 
3p21 allele loss is one of the earliest genetic abnormalities 
detected in lung cancer and other tumors; (3) the loss of 
heterozygosity, the homozygous deletion, and the abnormal 
ity of these 3p genes are associated with the pathogenesis of 
many human cancers including lung cancer where it is likely 
to be involved in >50% of all cases; and (4) the multiple 3p 
genes function as tumor Suppressor genes or the 3p21.3 
region as a tumor Suppressor region, the technologies and 
molecular tools developed based on the genetic/cytogenetic 
status and function of these 3p genes are extremely valuable 
for the early detection, diagnosis, and monitoring of preven 
tion and therapeutic efforts for various human cancers. 
I. Function of 3p Genes as Tumor Suppressor Gene Region 
One of the criteria for defining the role of genes as tumor 

Suppressor genes is to demonstrate that the tumor phenotype 
marked by inactivation of the genes can be rescued by the 
replacement of the wild-type alleles of these genes. If the 
frequent loss of heterozygosity (LOH), homozygous dele 
tion, or, in Some cases, abnormal transcripts and mutations of 
genes are the targets of carcinogens and the loss of function of 
genes leads to human cancers, then replacement of the abnor 
mal genes with the wild-type genes would result in tumor 
suppression similar to that shown by the Rb or p53 tumor 
Suppressor gene including inhibition of tumor cell growth in 
vitro, Suppression of tumorigenicity and tumor growth, and 
inhibition of tumor cell invasion and metastasis in vivo”. 
The identification of the 3p genes as tumor Suppressor 

genes was based on the cytogenetic and allelotyping studies 
of fresh tumors and tumor cell lines showing tumor cell allele 
loss at multiple sites and homozygous deletion in this region. 
Some of these 3p genes share varied degrees of homology in 
DNA and the predicted amino acid sequences to some known 
genes in the presently available data bases; however, the 
function of these 3p genes or the 3p21.3 region in pathogen 
esis and tumorigenesis of cancers is previously unknown. 
Cell hybrid and microcell chromosome 3 transfer studies 
demonstrated the ability of human chromosome 3 genes to 
Suppress malignancy in human lung, renal, and ovarian can 
cer cell lines and mouse A9 fibrosarcoma cells, however, only 
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one example involving introduction of a whole chromosome 
3 into A549 human lung carcinoma cells has been 
reported 0-06-8. 

In the present invention, it is the first time that the function 
of the individual 3p genes in Suppression of tumor growth and 
tumor progression, induction of apoptosis, alteration of cell 
cycle kinetics, as well as repression of telomerase activity has 
been characterized by the liposome- and the recombinant 
adenoviral vector-mediated transfer of 3p genes in vitro and 
in vivo, and that the concept of function of 3p genes as a tumor 
Suppressor region has been developed based on the tumor 
Suppressor activities involved in multiple 3p genes in this 
critical 3p21.3 region. The finding of the 3p tumor suppres 
sors permits new therapeutics to be developed for treating 
related cancers. 
The adenoviral vector has been shown to be the most effi 

cient gene delivery system in vitro and in vivo". Recombi 
nantadenovirus vectors have been widely used for gene trans 
fer in basic research as well as for clinical applications'. 
However, in vitro manipulation of adenoviral DNA is very 
difficult due to the large size of the genome and limited unique 
and useful restriction sites, making the construction of recom 
binant adenoviral vectors relatively time consuming and 
labor intensive. Two conventional methods for the construc 
tion Such recombinant adenoviruses are well documented: an 
in vitro ligation method and an in vivo homologous recom 
bination method". The in vitro ligation method consists of a 
first step of Subcloning the transgene into a plasmid vector to 
generate a segment containing the left end of the viral genome 
and a mammalian gene expression cassette, and then the 
recombinant vector is produced by in vitro ligation of the 
segment into the viral genome, followed by transfection of the 
reconstituted recombinant viral molecule into permissive 293 
cells. Hiroyuki and Kay disclose an in vitro ligation 
method". The other methods use two plasmids with overlap 
ping fragments to generate the recombinant virus by homolo 
gous recombination in 293 cells. The major limitations for 
these methods are the generation of a background of nonre 
combinant virus, low frequency of in vivo homologous 
recombination, and repeated screening of plaque to isolate 
pure recombinant vectors. There are several alternative pro 
cedures for construction of recombinant adenoviral vectors 
based on homologous recombination of the two plasmids 
cotransfected in 293 cells", the targeted modification of the 
adenoviral genome in an infectious yeast artificial chromo 
some (YAC) in yeast cells', the cosmid adenoviral vectors in 
cosmid packaging bacteria, and plasmids in recA" bacteria 
strain'''. These methods while more efficient, are more 
complex, require the use of an additional yeast hosts or non 
conventional bacterial strain, face the low frequency of 
homologous recombination in these host and the instability of 
the recombinantadenoviral genome in plasmids hosted by the 
recA" bacterial strain. 
By comparison, the present Ad-RAP system is very simple, 

efficient, and rapid for the construction of recombinant aden 
Oviral vector for gene therapy. This system requires a simple 
in vitro ligation using regular molecular biology reagents and 
commonly used bacterial strain. The resulting recombinant 
adenoviral genome containing plasmids can be easily 
screened and are stable. The subsequent transfection of the 
linearized recombinant adenovirus DNA mediated by lipo 
some (DOTAP) into the permissive 293 cells is very efficient 
and a homogeneous population of recombinant adenovirus 
can be produced rapidly. 
The recombinant adenoviral vector, Ad-3ps, can be used to 

deliver 3p genes in vitro and in vivo with a much higher 
efficiency than any other available gene delivery systems and 
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technologies. Due to the high efficiency of transduction and 
high level expression of transgenes in various cell types medi 
ated by adenoviral vectors, the Ad-3p vectors can be used as 
a effective tool to study the biological function and mecha 
nisms of these tumor Suppressor genes in vitro and in vivo. 
The Ad-3ps can be used to limit tumorigenicity, tumor Sup 
pression, and restriction of metastatic processes in various 
tumors such as lung, colon, breast, stomach, cervix, and head 
and neck, prostate, and pancreas by either intravenous or 
intratumoral injection of the Ad-3p vector or protamine-Ad 
3p complexes. 

In many cases, expression of some genes Such as Bak, Bax, 
FasL are highly toxic to the host 293 cells, making construc 
tion and production of the recombinant adenovirus bearing 
Such genes extremely difficult and some times impossible by 
any of the above methods and procedures. The present Ad 
RAP-TetR-Off system can be used to successfully construct 
and produce Such recombinant adenoviral vectors. The 
expression of the transgene in the adenoviral vector can be 
turned off by addition of tetracycline into the cell culture 
medium, and, consequently, the toxic effect of the gene on the 
host cells can be avoided and the recombinant adenovirus can 
be produced in the 293 cells as usual. Some other systems 
such as binary adenoviral vector systems' have been devel 
oped to Successfully construct such recombinant adenoviral 
vectors. However, the expression of a transgene in one viral 
vector depends on the expression of a trans-activator gene in 
another one, i.e., two adenoviral vectors are required for 
transgene expression in vitro and in Vivo, which, in turn, 
limited the application of such a system in vivo. By compari 
son, in the Ad-TetR-Off vector system, the trans-activator 
TetR-Off gene and the TetR-Off response element (TRE) 
co-exist in the same adenoviral vector, and, therefore, expres 
sion of transgene can be turned on or offin one vector in the 
absence or presence of the tetracycline inducer. Furthermore, 
since the transgene is under the control of the TRE regulatory 
promoter, the level of expression of the transgene can be 
efficiently regulated by administration of tetracycline in vitro 
and in vivo. Together, these novel features of the Ad-RAP 
Tet-Off system make it a useful new tool for rapid and suc 
cessful construction and production of a recombinant aden 
Oviral vector carrying cytotoxic genes. 

Introduction of individual wild-type 3p21.3 genes by lipo 
some- and adenovirus-mediated transient transfection into 
lung cancer cell lines containing either heterozygous or 
homozygous deletion of the 3p region inhibited tumor cell 
growth, induced apoptosis, and altered cell cycle kinetics, 
Suppressed tumor growth and tumor progression in nude 
mice. Varied levels of inhibition of cell growth, induction of 
apoptosis, and alteration of cell cycle kinetics were observed 
in Ad-Fus 1, Ad 101F6, and Ad-Gene 21-transduced human 
lung cancer cells H1299, A549, and H460, which are either 
lacking in 3p genes or have abnormal ones. However, no 
significant inhibitory effects on cell growth were observed in 
Ad-Fus1, Ad-101F6, and Ad-Gene 21-transduced normal 
HBEC and H358 cells, which contain wild type 3p genes. 
Therefore, the observed cell growth inhibition was not due to 
the general cytotoxicity of these genes. The overexpression of 
3p genes in these Ad-3p transfectants was verified by a quan 
titative Real-Time RT-PCR. Tumor growth was significantly 
suppressed by overexpression of 101F6, Fus 1, and Gene 21 
via intratumoral injection of Ad-101F6, Ad-Fus 1, and Ad 
Gene 21 vectors in H1299 and A549 xenografts in nude mice. 
Furthermore, the lung metastatic tumor growth was also sig 
nificantly inhibited by Systematic injection of protamine 
complexed Ad-101F6, Ad-Fus1, and Ad-Gene 21 in nude 
mice bearing the experimental A549 metastasis. Together, 
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these results show that multiple 3p genes function as tumor 
Suppressor genes or as a tumor Suppressor region in vitro and 
in vivo, and that these newly identified and characterized 3p 
tumor Suppressor genes or this 3p tumor Suppressor region 
can be used for cancer gene therapy, using molecular tools 
Such as the liposome-3p complexes, recombinant adenoviral 
vectors containing 3p genes, and the local or systematic gene 
delivery systems developed in this invention. The identifica 
tion and functional characterization of the wild-type 3p21.3 
genes and their mutated forms in lung cancer and other can 
cers provides a crucial step in the development of therapy for 
lung cancer and other tumors. 

A. Background of 3p21.3 
A group of TSGs, as defined by homozygous deletions in 

lung cancers, have been located and isolated at 3p21.3 in a 
450-kb region''''''. Studies of lung cancer preneoplasia 
indicate that 3p21 allele loss is the earliest genetic abnormal 
ity in lung cancer detected So far, occurring in hyperplastic 
lesions. One or more 3p-recessive oncogenes function as 
"gatekeepers' in the molecular pathogenesis of many human 
cancers, including lung cancer, where it is likely to be 
involved in >50% of all cases'’. 

Recently, human chromosome band 3p21.3 has been 
shown to undergo overlapping homozygous deletions in sev 
eral SCLC and NSCLC lines. Candidates of TSGS have been 
located in this critical region in several human cancers, fur 
ther defining a TSG region''''''. Genes in the 3p21 critical 
region are involved in regulation of the telomerase-mediated 
cellular immortality pathway in lung, renal, and breast cancer 
cells’’. It has also been shown that 3p deletion occurs more 
frequently in the lung tumor tissues of patients who Smoke. In 
addition, elevated sensitivity to the carcinogen benzoa 
pyrene diol epoxide at 3p21.3 has been associated with an 
increased risk of lung cancer, Suggesting that 3p21.3 can be a 
molecular target of carcinogens in lung cancer. 

B. 3p21.3 Proteins 
In addition to the entire Fus 1, 101F6, Gene 21, Gene 26, 

Beta, Luca1, Luca2, PL6, 123F2, and SEM A3 molecules, 
the present invention also relates to fragments of the polypep 
tides that may or may not retain the tumor suppressing activ 
ity. The entire length of each protein is Fus1=161, 
101F6=222, Gene 21=203, Gene 26=1205, Beta=440, 
Luca1=435, Luca2=473, PL6=351, 123F2=431, and SEM 
A3–749 amino acids. Fragments, including the N-terminus of 
the molecule may be generated by genetic engineering of 
translation stop sites within the coding region (discussed 
below). Alternatively, treatment of the Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, and SEM A3 
molecules with proteolytic enzymes, known as proteases, can 
produce a variety of N-terminal, C-terminal and internal frag 
ments. Examples of fragments may include contiguous resi 
dues of the Beta sequence of 6,7,8,9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50,55, 60, 
65, 75, 80, 85,90, 95, 100, or more amino acids in length. 
These fragments may be purified according to known meth 
ods, such as precipitation (e.g., ammonium sulfate), HPLC, 
ion exchange chromatography, affinity chromatography (in 
cluding immunoaffinity chromatography) or various size 
separations (sedimentation, gel electrophoresis, gel 
filtration). 

1. Purification of 3p21.3 Proteins 
It may be desirable to purify Fus 1, 101F6, Gene 21, Gene 

26, Beta, Luca1, Luca2, PL6, 123F2, and SEM A3 or vari 
ants thereof. Protein purification techniques are well known 
to those of skill in the art. These techniques involve, at one 
level, the crudefractionation of the cellular milieu to polypep 
tide and non-polypeptide fractions. Having separated the 
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polypeptide from other proteins, the polypeptide of interest 
may be further purified using chromatographic and electro 
phoretic techniques to achieve partial or complete purifica 
tion (or purification to homogeneity). Analytical methods 
particularly Suited to the preparation of a pure peptide are 
ion-exchange chromatography, exclusion chromatography; 
Sodium dodecyl Sulfate/polyacrylamide gel electrophoresis 
(SDS/PAGE); isoelectric focusing. A particularly efficient 
method of purifying peptides is fast protein liquid chroma 
tography (FPLC) or even HPLC. 

Various methods for quantifying the degree of purification 
of the protein or peptide will be known to those of skill in the 
art in light of the present disclosure. These include, for 
example, determining the specific activity of an active frac 
tion, or assessing the amount of polypeptides within a fraction 
by SDS/PAGE analysis. 

Various techniques Suitable for use in protein purification 
will be well known to those of skill in the art. These include, 
for example, precipitation with ammonium Sulphate, PEG, 
antibodies and the like or by heat denaturation, followed by 
centrifugation; chromatography steps such as ion exchange, 
gel filtration, reverse phase, hydroxylapatite and affinity 
chromatography; isoelectric focusing; gel electrophoresis; 
and combinations of Such and other techniques. AS is gener 
ally known in the art, it is believed that the order of conducting 
the various purification steps may be changed, or that certain 
steps may be omitted, and still result in a suitable method for 
the preparation of a Substantially purified protein or peptide. 

It is known that the migration of a polypeptide can vary, 
sometimes significantly, with different conditions of SDS/ 
PAGE (Capaldi et al., 1977). It will therefore be appreciated 
that under differing electrophoresis conditions, the apparent 
molecular weights of purified or partially purified expression 
products may vary. 

High Performance Liquid Chromatography (HPLC) is 
characterized by a very rapid separation with extraordinary 
resolution of peaks. This is achieved by the use of very fine 
particles and high pressure to maintain an adequate flow rate. 
Separation can be accomplished in a matter of minutes, or at 
most an hour. Moreover, only a very small volume of the 
sample is needed because the particles are so Small and close 
packed that the void volume is a very small fraction of the bed 
Volume. Also, the concentration of the sample can be low 
because the bands are so narrow that there is very little dilu 
tion of the sample. 

Gel chromatography, or molecular sieve chromatography, 
is a special type of partition chromatography that is based on 
molecular size. The theory behind gel chromatography is that 
the column, which is prepared with tiny particles of an inert 
Substance that contain Small pores, separates larger molecules 
from Smaller molecules as they pass through or around the 
pores, depending on their size. As long as the material of 
which the particles are made does not adsorb the molecules, 
the sole factor determining rate of flow is the size. Hence, 
molecules are eluted from the column in decreasing size, so 
long as the shape is relatively constant. Gel chromatography 
is unsurpassed for separating molecules of different size 
because separation is independent of all other factors such as 
pH, ionic strength, temperature, etc. There also is virtually no 
adsorption, less Zone spreading and the elution Volume is 
related in a simple matter to molecular weight. 

Affinity Chromatography is a chromatographic procedure 
that relies on the specific affinity between a substance to be 
isolated and a molecule that it can specifically bind to. This is 
a receptor-ligand type interaction. The column material is 
synthesized by covalently coupling one of the binding part 
ners to an insoluble matrix. The column material is then able 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

20 
to specifically adsorb the substance from the solution. Elution 
occurs by changing the conditions to those in which binding 
will not occur (alter pH, ionic strength, temperature, etc.). 
The matrix should be a substance that itself does not adsorb 

molecules to any significant extent and that has a broad range 
of chemical, physical and thermal stability. The ligand should 
be coupled in Such a way as to not affect its binding proper 
ties. The ligand should also provide relatively tight binding. It 
should be possible to elute the substance without destroying 
the sample or the ligand. One of the most common forms of 
affinity chromatography is immunoaffinity chromatography. 
The generation of antibodies that would be suitable for use in 
accord with the present invention is discussed below. 
The present invention also describes smaller Fus 1, 101F6, 

Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, and 
SEM A3-related peptides for use in various embodiments of 
the present invention. Because of their relatively small size, 
the peptides of the invention also can be synthesized in solu 
tion or on a solid Support in accordance with conventional 
techniques. Various automatic synthesizers are commercially 
available and can be used in accordance with known proto 
cols. See, for example, Stewart and Young, (1984); Tam et al., 
(1983); Merrifield, (1986); and Barany and Merrifield (1979), 
each incorporated herein by reference. Short peptide 
sequences, or libraries of overlapping peptides, usually from 
about 6 up to about 35 to 50 amino acids, which correspond to 
the selected regions described herein, can be readily synthe 
sized and then screened in screening assays designed to iden 
tify reactive peptides. Alternatively, recombinant DNA tech 
nology may be employed wherein a nucleotide sequence 
which encodes a peptide of the invention is inserted into an 
expression vector, transformed or transfected into an appro 
priate host cell and cultivated under conditions suitable for 
expression. 
The present invention also provides for the use of Fus 1, 

101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
and SEM A3 proteins or peptides as antigens for the immu 
nization of animals relating to the production of antibodies. A 
biospecific or multivalent composition or vaccine is pro 
duced. It is envisioned that the methods used in the prepara 
tion of these compositions will be familiar to those of skill in 
the art and should be suitable for administration to animals, 
i.e., pharmaceutically acceptable. 

2. Variants of Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, and SEM A3 
Amino acid sequence variants of these polypeptides can be 

substitutional, insertional or deletion variants. Deletion vari 
ants lack one or more residues of the native protein that are not 
essential for function or immunogenic activity. Another com 
mon type of deletion variant is one lacking secretory signal 
sequences or signal sequences directing a protein to bind to a 
particular part of a cell. Insertional mutants typically involve 
the addition of material at a non-terminal point in the 
polypeptide. This may include the insertion of an immunore 
active epitope or simply a single residue. Terminal additions 
are called fusion proteins. 

Substitutional variants typically contain the exchange of 
one amino acid for another at one or more sites within the 
protein, and may be designed to modulate one or more prop 
erties of the polypeptide. Such as Stability against proteolytic 
cleavage, without the loss of other functions or properties. 
Substitutions of this kind preferably are conservative, that is, 
one amino acid is replaced with one of similar shape and 
charge. Conservative substitutions are well known in the art 
and include, for example, the changes of alanine to serine; 
arginine to lysine; asparagine to glutamine or histidine; aspar 
tate to glutamate; cysteine to serine; glutamine to asparagine; 
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glutamate to aspartate; glycine to proline; histidine to aspar 
agine or glutamine; isoleucine to leucine or valine; leucine to 
Valine or isoleucine; lysine to arginine; methionine to leucine 
or isoleucine; phenylalanine to tyrosine, leucine or methion 
ine; serine to threonine; threonine to serine; tryptophan to 
tyrosine; tyrosine to tryptophan or phenylalanine; and valine 
to isoleucine or leucine. 

The following is a discussion based upon changing of the 
amino acids of a protein to create an equivalent, or even an 
improved, second-generation molecule. For example, certain 
amino acids may be substituted for other amino acids in a 
protein structure without appreciable loss of interactive bind 
ing capacity with structures such as, for example, antigen 
binding regions of antibodies or binding sites on Substrate 
molecules. Since it is the interactive capacity and nature of a 
protein that defines that protein's biological functional activ 
ity, certain amino acid substitutions can be made in a protein 
sequence, and its underlying DNA coding sequence, and nev 
ertheless obtain a protein with like properties. It is thus con 
templated by the inventors that various changes may be made 
in the DNA sequences of genes without appreciable loss of 
their biological utility or activity, as discussed below. Table 1 
shows the codons that encode particular amino acids. 
Amino acid Substitutions are generally based on the rela 

tive similarity of the amino acid side-chain substituents, for 
example, their hydrophobicity, hydrophilicity, charge, size, 
and the like. Exemplary substitutions that take various of the 
foregoing characteristics into consideration are well knownto 
those of skill in the art and include: arginine and lysine; 
glutamate and aspartate; serine and threonine; glutamine and 
asparagine; and valine, leucine, and isoleucine. 

C. Nucleic Acids 
Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, 

PL6, 123F2, and SEM A3 are found at a chromosomal posi 
tion of 3p21.3 in a 450kb critical region. They are found in the 
following order at 3p21.3: Gene 26, PL6, 101F6, Gene 21, 
Beta, 123F2, Fus1, Luca2, Luca1, and SEM A3. The length 
of each is Fus1=1696, 101F6=1117, Gene 21=1696, Gene 
26=5482, Beta=1746, Luca1=2565, Luca2=1783, 
PL6=1860, 123F2=1502, and SEM A3=2919 nucleic acids 
(FIG. 5). 

In addition, it should be clear that the present invention is 
not limited to the specific nucleic acids disclosed herein. As 
discussed below, “Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEMA3 genes' may contain a 
variety of different bases and yet still produce a correspond 
ing polypeptide that is functionally indistinguishable, and in 
Some cases structurally, genes disclosed herein. 

Nucleic acids according to the present invention may 
encode an entire Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, and SEM A3 genes, a domain of 
Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 
123F2, and SEM A3, or any other fragment of the Fus1, 
101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
and SEMA3 sequences set forth herein. The nucleic acid may 
be derived from genomic DNA, i.e., cloned directly from the 
genome of a particular organism. In other embodiments, how 
ever, the nucleic acid would comprise complementary DNA 
(cDNA). 
The term “cDNA” is intended to refer to DNA prepared 

using messenger RNA (mRNA) as template. The advantage 
of using a cDNA, as opposed to genomic DNA or DNA 
polymerized from a genomic, non- or partially-processed 
RNA template, is that the cDNA primarily contains coding 
sequences of the corresponding protein. There may be times 
when the full or partial genomic sequence is preferred. Such 
as where the non-coding regions are required for optimal 
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expression or where non-coding regions such as introns are to 
be targeted in an antisense strategy. 

It also is contemplated that a given Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEMA3 from 
a given species may be represented by natural variants that 
have slightly different nucleic acid sequences but, nonethe 
less, encode the same protein (Table 1). 
As used in this application, the term “polynucleotide hav 

ing the nucleic acid sequence of SEQID NO: 1 refers to a 
nucleic acid molecule that has been isolated free of total 
cellular nucleic acid. A functionally equivalent codon is a 
codon that encodes the same amino acid, such as the six 
codons for arginine or serine (Table 1), and also refers to 
codons that encode biologically equivalent amino acids. 

TABLE 1. 

Amino Acids Codons 

Alanine Ala A. GCA GCC GCG GCU 

Cysteine Cys C UGC UGU 

Aspartic acid Asp D GAC GAU 

Glutamic acid Glu E GAA GAG 

Phenylalanine Phe F UUC UUU 

Glycine Gly G GGA. GGC GGG GGU 

Histidine His H CAC CAU 

Isoleucine Ile I AUA AUC AUU 

Lysine Lys K AAA AAG 

Leucine Leu L UUA UUG. CUA CUC CUG. CUU 

Methionine Met M AUG 

Asparagine As n N AAC AAU 

Proline Pro P CCA CCC CCG CCU 

Glutamine Glin Q CAA CAG 

Arginine Arg R AGA AGG CGA CCC CGG CGU 

Serine Ser S AGC AGU UCA, UCC UCG UCU 

Threonine Thir T ACA ACC ACG ACU 

Waline Wall W. GUA GUC GUG GUU 

Tryptophan Trp W UGG 

Tyrosine Tyr Y UAC UAU 

The DNA segments of the present invention include those 
encoding biologically functional equivalent Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, and 
SEM A3 proteins and peptides, as described above. Such 
sequences may arise as a consequence of codon redundancy 
and amino acid functional equivalency that are known to 
occur naturally within nucleic acid sequences and the pro 
teins thus encoded. Alternatively, functionally equivalent 
proteins or peptides may be created via the application of 
recombinant DNA technology, in which changes in the pro 
tein structure may be engineered, based on considerations of 
the properties of the amino acids being exchanged. Changes 
designed by man may be introduced through the application 
of site-directed mutagenesis techniques or may be introduced 
randomly and Screened later for the desired function, as 
described below. 
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D. Hybridization 
Naturally, the present invention also encompasses DNA 

segments that are complementary, or essentially complemen 
tary, to the sequences encoding Fus 1, 101F6, Gene 21, Gene 
26, Beta, Luca1, Luca2, PL6, 123F2 and SEM A3. Nucleic 
acid sequences that are “complementary are those that are 
capable of base-pairing according to the standard Watson 
Crick complementary rules. As used herein, the term 
“complementary means nucleic acid sequences that are Sub 
stantially complementary, as may be assessed by the same 
nucleotide comparison set forth above, or as defined as being 
capable of hybridizing to the aforementioned nucleic acid 
segment under relatively stringent conditions such as those 
described herein. Such sequences may encode the entire 
Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 
123F2, and SEM A3 protein or functional or non-functional 
fragments thereof. 

Alternatively, the hybridizing segments may be shorter 
oligonucleotides. Sequences of 17 bases long should occur 
only once in the human genome and, therefore, Suffice to 
specify a unique target sequence. Although shorter oligomers 
are easier to make and increase in Vivo accessibility, numer 
ous other factors are involved in determining the specificity of 
hybridization. Both binding affinity and sequence specificity 
of an oligonucleotide to its complementary target increases 
with increasing length. It is contemplated that exemplary 
oligonucleotides of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19. 
20, 25, 30,35, 40, 45,50,55,60, 65,70, 75,80, 85,90,95, 100 
or more base pairs will be used, although others are contem 
plated. Longer polynucleotides encoding 250, 500, or 1000 
bases and longer are contemplated as well. Such oligonucle 
otides will find use, for example, as probes in Southern and 
Northern blots, in situ tissue hybridization and as primers in 
amplification reactions. 

Accordingly, the nucleotide sequences of the invention 
may be used for their ability to selectively form duplex mol 
ecules with complementary stretches of DNAs and/or RNAs 
or to provide primers for amplification of DNA or RNA from 
samples. Depending on the application envisioned, one 
would desire to employ varying conditions of hybridization to 
achieve varying degrees of selectivity of the probe or primers 
for the target sequence. 

In certain applications, for example, Substitution of amino 
acids by site-directed mutagenesis, it is appreciated that lower 
stringency conditions are required. Under these conditions, 
hybridization may occur even though the sequences of probe 
and target Strand are not perfectly complementary, but are 
mismatched at one or more positions. Conditions may be 
rendered less Stringent by increasing salt concentration and 
decreasing temperature. For example, a medium stringency 
condition could be provided by about 0.1 to 0.25 MNaCl at 
temperatures of about 37° C. to about 55° C., while a low 
stringency condition could be provided by about 0.15 M to 
about 0.9M salt, attemperatures ranging from about 20°C. to 
about 55° C. Thus, hybridization conditions can be readily 
manipulated, and thus will generally be a method of choice 
depending on the desired results. 

In other embodiments, hybridization may be achieved 
under conditions of, for example, 50 mM Tris-HCl (pH 8.3), 
75 mMKC1, 3 mM MgCl, 10 mM dithiothreitol, attempera 
tures between approximately 20° C. to about 37° C. Other 
hybridization conditions utilized could include approxi 
mately 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 1.5 mM 
MgCl2, attemperatures ranging from approximately 40°C. to 
about 72° C. Formamide and SDS also may be used to alter 
the hybridization conditions. 
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E. Primers and Probes 
The term primer, as defined herein, is meant to encompass 

any nucleic acid that is capable of priming the synthesis of a 
nascent nucleic acid in a template-dependent process. Typi 
cally, primers are oligonucleotides from ten to twenty base 
pairs in length, but longer sequences can be employed. Prim 
ers may be provided in double-stranded or single-stranded 
form, although the single-stranded form is preferred. Probes 
are defined differently, although they may act as primers. 
Probes, while perhaps capable of priming, are designed to 
binding to the target DNA or RNA and need not be used in an 
amplification process. 

In other embodiments, the probes or primers are labeled 
with radioactive species (P. C. S, H, or other label), 
with a fluorophore (rhodamine, fluorescein) or a chemilumi 
nescent (luciferase). 
One method of using probes and primers of the present 

invention is in the search for genes related to Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, and 
SEM A3 or, more particularly, orthologs of Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, and 
SEMA3 from other species. Normally, the target DNA will be 
a genomic or cDNA library, although screening may involve 
analysis of RNA molecules. By varying the Stringency of 
hybridization, and the region of the probe, different degrees 
of homology may be discovered. 

In certain embodiments, it will be advantageous to employ 
nucleic acids of defined sequences of the present invention in 
combination with an appropriate means, such as a label, for 
determining hybridization. A wide variety of appropriate 
indicator means are known in the art, including fluorescent, 
radioactive, enzymatic or other ligands, such as avidin/biotin, 
which are capable of being detected. In other embodiments, 
one may desire to employ a fluorescent label or an enzyme tag 
Such as urease, alkaline phosphatase or peroxidase, instead of 
radioactive or other environmentally undesirable reagents. In 
the case of enzyme tags, colorimetric indicator Substrates are 
known that can be employed to provide a detection means that 
is visibly or spectrophotometrically detectable, to identify 
specific hybridization with complementary nucleic acid con 
taining samples. 

Another way of exploiting probes and primers of the 
present invention is in site-directed, or site-specific mutagen 
esis. Site-specific mutagenesis is a technique useful in the 
preparation of individual peptides, or biologically functional 
equivalent proteins or peptides, through specific mutagenesis 
of the underlying DNA. The technique further provides a 
ready ability to prepare and test sequence variants, incorpo 
rating one or more of the foregoing considerations, by intro 
ducing one or more nucleotide sequence changes into the 
DNA. Site-specific mutagenesis allows the production of 
mutants through the use of specific oligonucleotide 
sequences which encode the DNA sequence of the desired 
mutation, as well as a sufficient number of adjacent nucle 
otides, to provide a primer sequence of Sufficient size and 
sequence complexity to form a stable duplex on both sides of 
the deletion junction being traversed. Typically, a primer of 
about 17 to 25 nucleotides in length is preferred, with about 5 
to 10 residues on both sides of the junction of the sequence 
being altered. 

In general, it is envisioned that the probes or primers 
described herein will be useful as reagents in solution hybrid 
ization, as in PCRTM, for detection of expression of corre 
sponding genes, as well as in embodiments employing a solid 
phase. Representative solid phase hybridization methods are 
disclosed in U.S. Pat. Nos. 5,843,663, 5,900,481 and 5,919, 
626. Other methods of hybridization that may be used in the 
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practice of the present invention are disclosed in U.S. Pat. 
Nos. 5,849,481, 5,849,486 and 5,851,772. The relevant por 
tions of these and other references identified in this section of 
the Specification are incorporated herein by reference. 

F. Template Dependent Amplification Methods 
A number oftemplate dependent processes are available to 

amplify the marker sequences present in a given template 
sample. One of the best known amplification methods is the 
polymerase chain reaction (referred to as PCRTM) which is 
described in detail in U.S. Pat. Nos. 4,683,195, 4,683.202 and 
4,800,159, and in Innis et al., 1990, each of which is incor 
porated herein by reference in its entirety. Other methods of 
amplification are ligase chain reaction (LCR), Qbeta Repli 
case, isothermal amplification, Strand displacement amplifi 
cation (SDA), PCRTM-like template- and enzyme-dependent 
synthesis using primers with a capture or detector moiety, 
transcription-based amplification systems (TAS), cyclical 
synthesis of single-stranded and double-stranded DNA, 
“RACE, one-sided PCRTM, and di-oligonucleotide amplifi 
cation. 

Briefly, in PCRTM, two primer sequences are prepared that 
are complementary to regions on opposite complementary 
Strands of the marker sequence. An excess of deoxynucleo 
side triphosphates are added to a reaction mixture along with 
a DNA polymerase, e.g., Taq polymerase. If the marker 
sequence is present in a sample, the primers will bind to the 
marker and the polymerase will cause the primers to be 
extended along the marker sequence by adding on nucle 
otides. By raising and lowering the temperature of the reac 
tion mixture, the extended primers will dissociate from the 
marker to form reaction products, excess primers will bind to 
the marker and to the reaction products and the process is 
repeated. 
A reverse transcriptase PCRTM amplification procedure 

may be performed in order to quantify the amount of mRNA 
amplified. Methods of reverse transcribing RNA into cDNA 
are well known and described in Sambrook et al., 1989. 
Alternative methods for reverse transcription utilize thermo 
stable, RNA-dependent DNA polymerases. These methods 
are described in WO 90/07641 filed Dec. 21, 1990. Poly 
merase chain reaction methodologies are well known in the 
art. 

G. Vectors 
The term “vector” is used to refer to a carrier nucleic acid 

molecule into which a nucleic acid sequence can be inserted 
for introduction into a cell where it can be replicated. A 
nucleic acid sequence can be “exogenous,” which means that 
it is foreign to the cell into which the vector is being intro 
duced or that the sequence is homologous to a sequence in the 
cell but in a position within the host cell nucleic acid in which 
the sequence is ordinarily not found. Vectors include plas 
mids, cosmids, viruses (bacteriophage, animal viruses, and 
plant viruses), and artificial chromosomes (e.g., YACs). One 
of skill in the art would be well equipped to construct a vector 
through standard recombinant techniques, which are 
described in Maniatis et al., 1988 and Ausubel et al., 1994, 
both incorporated herein by reference. 

The term “expression cassette' refers to a vector contain 
ing a nucleic acid sequence coding for at least part of a gene 
product capable of being transcribed. In some cases, RNA 
molecules are then translated into a protein, polypeptide, or 
peptide. In other cases, these sequences are not translated, for 
example, in the production of antisense molecules or 
ribozymes. Expression vectors can contain a variety of "con 
trol sequences, which refer to nucleic acid sequences neces 
sary for the transcription and possibly translation of an oper 
ably linked coding sequence in a particular host organism. In 
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addition to control sequences that govern transcription and 
translation, vectors and expression vectors may contain 
nucleic acid sequences that serve other functions as well and 
are described infra. 

H. Promoters and Enhancers 
A "promoter” is a control sequence that is a region of a 

nucleic acid sequence at which initiation and rate of transcrip 
tion are controlled. It may contain genetic elements at which 
regulatory proteins and molecules may bind Such as RNA 
polymerase and other transcription factors. The phrases 
“operatively positioned.” “operatively linked.” “under con 
trol.” and “under transcriptional control’ mean that a pro 
moter is in a correct functional location and/or orientation in 
relation to a nucleic acid sequence to control transcriptional 
initiation and/or expression of that sequence. A promoter may 
or may not be used in conjunction with an "enhancer, which 
refers to a cis-acting regulatory sequence involved in the 
transcriptional activation of a nucleic acid sequence. 
A promoter may be one naturally associated with a gene or 

sequence, as may be obtained by isolating the 5' non-coding 
sequences located upstream of the coding segment and/or 
exon. Such a promoter can be referred to as "endogenous.” 
Similarly, an enhancer may be one naturally associated with 
a nucleic acid sequence, located either downstream or 
upstream of that sequence. Alternatively, certain advantages 
will begained by positioning the coding nucleic acid segment 
under the control of a recombinant or heterologous promoter, 
which refers to a promoter that is not normally associated 
with a nucleic acid sequence in its natural environment. A 
recombinant or heterologous enhancer refers also to an 
enhancer not normally associated with a nucleic acid 
sequence in its natural environment. Such promoters or 
enhancers may include promoters or enhancers of other 
genes, and promoters or enhancers isolated from any other 
prokaryotic, viral, or eukaryotic cell, and promoters or 
enhancers not “naturally occurring, i.e., containing different 
elements of different transcriptional regulatory regions, and/ 
or mutations that alter expression. In addition to producing 
nucleic acid sequences of promoters and enhancers syntheti 
cally, sequences may be produced using recombinant cloning 
and/or nucleic acid amplification technology, including 
PCRTM, in connection with the compositions disclosed herein 
(see U.S. Pat. No. 4,683.202, U.S. Pat. No. 5,928,906, each 
incorporated herein by reference). Such promoters may be 
used to drive B-galactosidase expression for use as a reporter 
gene. Furthermore, it is contemplated the control sequences 
that direct transcription and/or expression of sequences 
within non-nuclear organelles such as mitochondria, chloro 
plasts, and the like, can be employed as well. 

Naturally, it will be important to employ a promoter and/or 
enhancer that effectively directs the expression of the DNA 
segment in the cell type, organelle, and organism chosen for 
expression. Those of skill in the art of molecular biology 
generally know the use of promoters, enhancers, and cell type 
combinations for protein expression, for example, see Sam 
brook et al., (1989), incorporated herein by reference. The 
promoters employed may be constitutive, tissue-specific, 
inducible, and/or useful under the appropriate conditions to 
direct high level expression of the introduced DNA segment, 
Such as is advantageous in the large-scale production of 
recombinant proteins and/or peptides. The promoter may be 
heterologous or endogenous. 

Table 2 lists several elements/promoters that may be 
employed, in the context of the present invention, to regulate 
the expression of a gene. This list is not intended to be exhaus 
tive of all the possible elements involved in the promotion of 
expression but, merely, to be exemplary thereof. Table 3 pro 
vides examples of inducible elements, which are regions of a 
nucleic acid sequence that can be activated in response to a 
specific stimulus. 
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TABLE 2 

Promoter Enhancer 

Immunoglobulin Heavy Chain 

Immunoglobulin Light Chain 
T-Cell Receptor 

HLA DQa and/or DQB 
B-Interferon 

Interleukin-2 

Interleukin-2 Receptor 
MHC Class IIS 
MHC Class IIHLA-DRa 

3-Actin 
Muscle Creatine Kinase (MCK) 

Prealbumin (Transthyretin) 
Elastase I 

Metallothionein (MTII) 
Collagenase 
Albumin 
C-Fetoprotein 
-Globin 

B-Globin 
c-fos 
c-HA-ras 
insulin 
Neural Cell Adhesion Molecule 

(NCAM) 
C-Antitrypain 
H2B (TH2B) Histone 
Mouse and/or Type I Collagen 
Glucose-Regulated Proteins 
(GRP94 and GRP78) 
Rat Growth Hormone 
Human Serum Amyloid A (SAA) 
Troponin I (TNI) 
Platelet-Derived Growth Factor 

(PDGF) 
Duchenne Muscular Dystrophy 
SV40 

Polyoma 

Retroviruses 

Papilloma Virus 

Hepatitis B Virus 

Human Immunodeficiency Virus 

Cytomegalovirus (CMV) 

Gibbon Ape Leukemia Virus 

Promoter and or Enhancer 
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Element 

MT II 

MMTV (mouse mammary 
tumor virus) 

B-Interferon 

Adenovirus 5 E2 
Collagenase 
Stromelysin 
SV40 
Murine MX Gene 

GRP78 Gene 
C-2-Macroglobulin 
Vimentin 
MHC Class I Gene H-2kb 
HSP70 

Proliferin 
Tumor Necrosis Factor 
Thyroid Stimulating 
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Inducible Elements 

Inducer 

Phorbol Ester (TFA) 
Heavy metals 

Glucocorticoids 

poly(rI) x 
poly(rc) 
EIA 
Phorbol Ester (TPA) 
Phorbol Ester (TPA) 
Phorbol Ester (TPA) 
interferon, Newcastle 
Disease Virus 
A231.87 

Serum 
interferon 
EIA, SV40 Large T 
Antigen 
Phorbol Ester-TPA 
PMA 
Thyroid Hormone 
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Hormone C. Gene 

The identity of tissue-specific promoters or elements, as 
well as assays to characterize their activity, is well known to 
those of skill in the art. Examples of such regions include the 
human LIMK2 gene (Nomoto et al., 1999), the somatostatin 
receptor 2 gene (Kraus et al., 1998), murine epididymal ret 
inoic acid-binding gene (Lareyre et al., 1999), human CD4 
(Zhao-Emonet et al., 1998), mouse alpha2 (XI) collagen 
(Tsumaki, et al., 1998), D1A dopamine receptor gene (Lee, et 
al., 1997), insulin-like growth factor II (Wu et al., 1997), 
human platelet endothelial cell adhesion molecule-1 (Almen 
dro et al., 1996). 

I. Initiation Signals 
A specific initiation signal also may be required for effi 

cient translation of coding sequences. These signals include 
the ATG initiation codon or adjacent sequences. Exogenous 
translational control signals, including the ATG initiation 
codon, may need to be provided. One of ordinary skill in the 
art would readily be capable of determining this and provid 
ing the necessary signals. It is well known that the initiation 
codon must be “in-frame with the reading frame of the 
desired coding sequence to ensure translation of the entire 
insert. The exogenous translational control signals and initia 
tion codons can be either natural or synthetic. The efficiency 
of expression may be enhanced by the inclusion of appropri 
ate transcription enhancer elements. 

J. Splicing Sites 
Most transcribed eukaryotic RNA molecules will undergo 

RNA splicing to remove introns from the primary transcripts. 
Vectors containing genomic eukaryotic sequences may 
require donor and/or acceptor splicing sites to ensure proper 
processing of the transcript for protein expression. (See 
Chandler et al., 1997, herein incorporated by reference.) 

K. Polyadenylation Signals 
In expression, one will typically include a polyadenylation 

signal to effect proper polyadenylation of the transcript. The 
nature of the polyadenylation signal is not believed to be 
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crucial to the Successful practice of the invention, and/or any 
Such sequence may be employed. Specific embodiments 
include the SV40 polyadenylation signal and/or the bovine 
growth hormone polyadenylation signal, convenient and/or 
known to function well in various target cells. Also contem 
plated as an element of the expression cassette is a transcrip 
tional termination site. These elements can serve to enhance 
message levels and/or to minimize read through from the 
cassette into other sequences. 

L. Origins of Replication 
In order to propagate a vector in a host cell, it may contain 

one or more origins of replication sites (often termed “ori' 
which is a specific nucleic acid sequence at which replication 
is initiated. Alternatively an autonomously replicating 
sequence (ARS) can be employed if the host cell is yeast. 
M. Selectable and Screenable Markers 
In certain embodiments of the invention, the cells contain 

nucleic acid construct of the present invention, a cell may be 
identified in vitro or in vivo by including a marker in the 
expression vector. Such markers would confer an identifiable 
change to the cell permitting easy identification of cells con 
taining the expression vector. Generally, a selectable marker 
is one that confers a property that allows for selection. A 
positive selectable marker is one in which the presence of the 
marker allows for its selection, while a negative selectable 
marker is one in which its presence prevents its selection. An 
example of a positive selectable marker is a drug resistance 
marker. Examples of selectable and screenable markers are 
well known to one of skill in the art. 

N. Host Cells 
In the context of expressing a heterologous nucleic acid 

sequence, "host cell refers to a prokaryotic or eukaryotic 
cell, and it includes any transformable organisms that is 
capable of replicating a vector and/or expressing a heterolo 
gous gene encoded by a vector. A host cell can, and has been, 
used as a recipient for vectors. A host cell may be “trans 
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fected' or “transformed.” which refers to a process by which 
exogenous nucleic acid is transferred or introduced into the 
host cell. A transformed cell includes the primary subject cell 
and its progeny. 

Host cells may be derived from prokaryotes or eukaryotes, 
depending upon whether the desired result is replication of 
the vector or expression of part or all of the vector-encoded 
nucleic acid sequences. Numerous cell lines and cultures are 
available for use as a host cell, and they can be obtained 
through the American Type Culture Collection (ATCC), 
which is an organization that serves as an archive for living 
cultures and genetic materials (world-wide-web at atcc.org). 
An appropriate host can be determined by one of skill in the 
art based on the vector backbone and the desired result. A 
plasmid or cosmid, for example, can be introduced into a 
prokaryote host cell for replication of many vectors. Bacterial 
cells used as host cells for vector replication and/or expres 
sion include DH5O, JM109, and KC8, as well as a number of 
commercially available bacterial hosts such as SURER Com 
petent Cells and SOLOPACKTM Gold Cells (STRATAGENER), La 
Jolla). Alternatively, bacterial cells such as E. coli LE392 
could be used as host cells for phage viruses. 

Examples of eukaryotic host cells for replication and/or 
expression of a vector include HeLa, NIH3T3, Jurkat, 293, 
Cos, CHO, Saos, and PC12. Many host cells from various cell 
types and organisms are available and would be known to one 
of skill in the art. Similarly, a viral vector may be used in 
conjunction with either a eukaryotic or prokaryotic host cell, 
particularly one that is permissive for replication or expres 
sion of the vector. 
Some vectors may employ control sequences that allow it 

to be replicated and/or expressed in both prokaryotic and 
eukaryotic cells. One of skill in the art would further under 
stand the conditions under which to incubate all of the above 
described host cells to maintain them and to permit replica 
tion of a vector. Also understood and known are techniques 
and conditions that would allow large-scale production of 
vectors, as well as production of the nucleic acids encoded by 
vectors and their cognate polypeptides, proteins, or peptides. 

O. Expression Systems 
Numerous expression systems exist that comprise at least a 

part or all of the compositions discussed above. Prokaryote 
and/or eukaryote-based systems can be employed for use 
with the present invention to produce nucleic acid sequences, 
or their cognate polypeptides, proteins and peptides. Many 
Such systems are commercially and widely available. 
The insect cell/baculovirus system can produce a high level 

of protein expression of a heterologous nucleic acid segment, 
such as described in U.S. Pat. Nos. 5,871,986, 4,879,236, 
both herein incorporated by reference, and which can be 
bought, for example, under the name MAXBACR 2.0 from 
INVITROGENR) and BACPACKTM BACULOVIRUS EXPRESSION SYSTEM 
FROM CLONTECHR. 

Other examples of expression systems include 
STRATAGENER'S COMPLETE CONTROLTM Inducible Mammalian 
Expression System, which involves a synthetic ecdysone 
inducible receptor, or its pET Expression System, an E. coli 
expression system. Another example of an inducible expres 
sion system is available from INVITROGENR), which carries the 
T-REXTM (tetracycline-regulated expression) System, an 
inducible mammalian expression system that uses the full 
length CMV promoter. INVITROGENR also provides a yeast 
expression system called the Pichia methanolica Expression 
System, which is designed for high-level production of 
recombinant proteins in the methylotrophic yeast Pichia 
methanolica. One of skill in the art would know how to 
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express a vector, such as an expression construct, to produce 
a nucleic acid sequence or its cognate polypeptide, protein, or 
peptide. 

P. Delivery of Expression Vectors 
There are a number of ways in which expression vectors 

may introduced into cells. In certain embodiments of the 
invention, the expression construct comprises a virus or engi 
neered construct derived from a viral genome. The ability of 
certain viruses to enter cells via receptor-mediated endocyto 
sis, to integrate into host cell genome and express viral genes 
stably and efficiently have made them attractive candidates 
for the transfer of foreign genes into mammaliancells (Ridge 
way, 1988; Nicolas and Rubenstein, 1988: Baichwal and 
Sugden, 1986: Temin, 1986). The first viruses used as gene 
vectors were DNA viruses including the papovaviruses (sim 
ian virus 40, bovine papilloma virus, and polyoma) (Ridge 
way, 1988: Baichwal and Sugden, 1986) and adenoviruses 
(Ridgeway, 1988: Baichwal and Sugden, 1986). These have a 
relatively low capacity for foreign DNA sequences and have 
a restricted host spectrum. Furthermore, their oncogenic 
potential and cytopathic effects in permissive cells raise 
safety concerns. They can accommodate only up to 8 kb of 
foreign genetic material but can be readily introduced in a 
variety of cell lines and laboratory animals (Nicolas and 
Rubenstein, 1988: Temin, 1986). 
One of the methods for in vivo delivery involves the use of 

an adenovirus expression vector. "Adenovirus expression 
vector” is meant to include those constructs containing aden 
ovirus sequences sufficient to (a) Support packaging of the 
construct and (b) to express an antisense polynucleotide that 
has been cloned therein. In this context, expression does not 
require that the gene product be synthesized. 

1. Adenovirus Expression Vectors 
The expression vector comprises a genetically engineered 

form of adenovirus. Knowledge of the genetic organization of 
adenovirus, a 36 kb, linear, double-stranded DNA virus, 
allows substitution of large pieces of adenoviral DNA with 
foreign sequences up to 7 kb (Grunhaus and Horwitz, 1992). 
In contrast to retrovirus, the adenoviral infection of host cells 
does not result in chromosomal integration because adenovi 
ral DNA can replicate in an episomal manner without poten 
tial genotoxicity. Also, adenoviruses are structurally stable, 
and no genome rearrangement has been detected after exten 
sive amplification. Adenovirus can infect virtually all epithe 
lial cells regardless of their cell cycle stage. 

In one system, recombinant adenovirus is generated from 
homologous recombination between shuttle vector and provi 
rus vector. Due to the possible recombination between two 
proviral vectors, wild-type adenovirus may be generated 
from this process. Therefore, it is critical to isolate a single 
clone of virus from an individual plaque and examine its 
genomic structure. 

Generation and propagation of the current adenovirus vec 
tors, which are replication deficient, depend on a unique 
helper cell line, designated 293, which was transformed from 
human embryonic kidney cells by Ad5 DNA fragments and 
constitutively expresses E1 proteins (Graham et al., 1977). 

Helper cell lines may be derived from human cells such as 
human embryonic kidney cells, muscle cells, hematopoietic 
cells or other human embryonic mesenchymal or epithelial 
cells. Alternatively, the helper cells may be derived from the 
cells of other mammalian species that are permissive for 
human adenovirus. Such cells include, e.g., Vero cells or other 
monkey embryonic mesenchymal or epithelial cells. As 
stated above, the preferred helper cell line is 293. 

Other than the requirement that the adenovirus vector be 
replication defective, or at least conditionally defective, the 
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nature of the adenovirus vector is not believed to be crucial to 
the Successful practice of the invention. The adenovirus may 
be of any of the 42 different known serotypes or subgroups 
A-F. Adenovirus type 5 of subgroup C is the preferred starting 
material in order to obtain the conditional replication-defec 
tive adenovirus vector for use in the present invention. This is 
because Adenovirus type 5 is a human adenovirus about 
which a great deal of biochemical and genetic information is 
known, and it has historically been used for most construc 
tions employing adenovirus as a vector. 

Adenovirus vectors have been used in eukaryotic gene 
expression (Levrero et al., 1991; Gomez-Foix et al., 1992) 
and vaccine development (Grunhaus and Horwitz, 1992; Gra 
ham and Prevec. 1992). Recently, animal studies suggested 
that recombinant adenovirus could be used for gene therapy 
(Stratford-Perricaudet and Perricaudet, 1991; Stratford-Per 
ricaudet et al., 1990; Rich et al., 1993). Studies in adminis 
tering recombinant adenovirus to different tissues include 
trachea instillation (Rosenfeld et al., 1991; Rosenfeld et al., 
1992), muscle injection (Ragot et al., 1993), peripheral intra 
venous injections (Herz and Gerard, 1993) and stereotactic 
inoculation into the brain (Le Gal La Salle et al., 1993). 

2. Retrovirus Expression Vectors 
The retroviruses are a group of single-stranded RNA 

viruses characterized by an ability to convert their RNA to 
double-stranded DNA in infected cells by a process of 
reverse-transcription (Coffin, 1990). The resulting DNA then 
stably integrates into cellular chromosomes as a provirus and 
directs synthesis of viral proteins. The integration results in 
the retention of the viral gene sequences in the recipient cell 
and its descendants. The retroviral genome contains three 
genes, gag, pol, and env that code for capsid proteins, poly 
merase enzyme, and envelope components, respectively. A 
sequence found upstream from the gag gene contains a signal 
for packaging of the genome into virions. Two long terminal 
repeat (LTR) sequences are present at the 5' and 3' ends of the 
viral genome. These contain strong promoter and enhancer 
sequences and are also required for integration in the host cell 
genome (Coffin, 1990). 

In order to construct a retroviral vector, a nucleic acid 
encoding a gene of interest is inserted into the viral genome in 
the place of certain viral sequences to produce a virus that is 
replication-defective. In order to produce virions, a packag 
ing cell line containing the gag, pol, and envgenes but without 
the LTR and packaging components is constructed (Mann et 
al., 1983). When a recombinant plasmid containing a cDNA, 
together with the retroviral LTR and packaging sequences is 
introduced into this cell line (by calcium phosphate precipi 
tation for example), the packaging sequence allows the RNA 
transcript of the recombinant plasmid to be packaged into 
viral particles, which are then secreted into the culture media 
(Nicolas and Rubenstein, 1988: Temin, 1986; Mann et al., 
1983). The media containing the recombinant retroviruses is 
then collected, optionally concentrated, and used for gene 
transfer. Retroviral vectors are able to infect abroad variety of 
cell types. However, integration and stable expression require 
the division of host cells (Paskind et al., 1975). 

3. Other Viral Vectors 
Other viral vectors may be employed as expression con 

structs in the present invention. Vectors derived from viruses 
such as vaccinia virus (Ridgeway, 1988: Baichwal and Sug 
den, 1986; Coupar et al., 1988) adeno-associated virus (AAV) 
(Ridgeway, 1988, Baichwal and Sugden, 1986; Hermonat 
and Muzycska, 1984) and herpesviruses may be employed. 
They offer several attractive features for various mammalian 
cells (Friedmann, 1989; Ridgeway, 1988: Baichwal and Sug 
den, 1986; Coupar et al., 1988; Horwich et al., 1990). 
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In order to effect expression of sense or antisense gene 

constructs, the expression construct must be delivered into a 
cell. This delivery may be accomplished in vitro, as in labo 
ratory procedures for transforming cells lines, or in vivo or ex 
Vivo, as in the treatment of certain disease states. One mecha 
nism for delivery is via viral infection where the expression 
construct is encapsidated in an infectious viral particle. 

4. Non-Viral Methods for Transfer of Expression Con 
Structs 

Several non-viral methods for the transfer of expression 
constructs into cultured mammalian cells also are contem 
plated by the present invention. These include calcium phos 
phate precipitation (Graham and VanDer Eb, 1973; Chen and 
Okayama, 1987; Rippe et al., 1990) DEAE-dextran (Gopal, 
1985), electroporation (Tur-Kaspa et al., 1986; Potter et al., 
1984), direct microinjection (Harland and Weintraub, 1985), 
DNA-loaded liposomes (Nicolau and Sene, 1982; Fraley et 
al., 1979) and lipofectamine-DNA complexes, cell sonication 
(Fechheimer et al., 1987), gene bombardment using high 
velocity microprojectiles (Yang et al., 1990), and receptor 
mediated transfection (Wu and Wu, 1987: Wu and Wu, 1988). 
Some of these techniques may be successfully adapted for in 
vivo or ex vivo use. 
Once the expression construct has been delivered into the 

cell the nucleic acid encoding the gene of interest may be 
positioned and expressed at different sites. In certain embodi 
ments, the nucleic acid encoding the gene may be stably 
integrated into the genome of the cell. This integration may be 
in the cognate location and orientation via homologous 
recombination (gene replacement) or it may be integrated in 
a random, non-specific location (gene augmentation). In yet 
further embodiments, the nucleic acid may be stably main 
tained in the cell as a separate, episomal segment of DNA. 
Such nucleic acid segments or “episomes’ encode sequences 
Sufficient to permit maintenance and replication independent 
of or in synchronization with the host cell cycle. How the 
expression construct is delivered to a cell and where in the cell 
the nucleic acid remains is dependent on the type of expres 
sion construct employed. 

In yet another embodiment of the invention, the expression 
construct may simply consist of naked recombinant DNA or 
plasmids. Transfer of the construct may be performed by any 
of the methods mentioned above which physically or chemi 
cally permeabilize the cell membrane. This is particularly 
applicable for transfer in vitro but it may be applied to in vivo 
use as well. Dubensky et al. (1984) successfully injected 
polyomavirus DNA in the form of calcium phosphate precipi 
tates into liver and spleen of adult and newborn mice demon 
strating active viral replication and acute infection. Ben 
venisty and Neshif (1986) also demonstrated that direct 
intraperitoneal injection of calcium phosphate-precipitated 
plasmids results in expression of the transfected genes. It is 
envisioned that DNA encoding a gene of interest also may be 
transferred in a similar manner in vivo and express the gene 
product. 

In still another embodiment, the transferring a naked DNA 
expression construct into cells may involve particle bombard 
ment. This method depends on the ability to accelerate DNA 
coated microprojectiles to a high Velocity allowing them to 
pierce cell membranes and enter cells without killing them 
(Klein et al., 1987). Several devices for accelerating small 
particles have been developed. One such device relies on a 
high Voltage discharge to generate an electrical current, 
which in turn provides the motive force (Yang et al., 1990). 
The microprojectiles used have consisted of biologically inert 
Substances such as tungsten or gold beads. 
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Selected organs including the liver, skin, and muscle tissue 
of rats and mice have been bombarded in vivo (Yang et al., 
1990; Zelenin et al., 1991). This may require surgical expo 
Sure of the tissue or cells, to eliminate any intervening tissue 
between the gun and the target organ, i.e., ex vivo treatment. 5 
Again, DNA encoding a particular gene may be delivered via 
this method and still be incorporated by the present invention. 

In a further embodiment of the invention, the expression 
construct may be entrapped in a liposome. Liposomes are 
vesicular structures characterized by a phospholipid bilayer 10 
membrane and an inner aqueous medium. Multilamellar lipo 
Somes have multiple lipid layers separated by aqueous 
medium. They form spontaneously when phospholipids are 
Suspended in an excess of aqueous solution. The lipid com 
ponents undergo self-rearrangement before the formation of 15 
closed structures and entrap water and dissolved solutes 
between the lipid bilayers (Ghosh and Bachhawat, 1991). 
Also contemplated are lipofectamine-DNA complexes. 

Liposome-mediated nucleic acid delivery and expression 
of foreign DNA in vitro has been very successful. Wong et al., 20 
(1980) demonstrated the feasibility of liposome-mediated 
delivery and expression of foreign DNA in cultured chick 
embryo. HeLa and hepatoma cells. Nicolau et al., (1987) 
accomplished successful liposome-mediated gene transfer in 
rats after intravenous injection. 25 

In certain embodiments of the invention, the liposome may 
be complexed with a hemagglutinating virus (HVJ). This has 
been shown to facilitate fusion with the cell membrane and 
promote cell entry of liposome-encapsulated DNA (Kaneda 
et al., 1989). In other embodiments, the liposome may be 30 
complexed or employed in conjunction with nuclear non 
histone chromosomal proteins (HMG-1) (Kato et al., 1991). 
In yet further embodiments, the liposome may be complexed 
or employed in conjunction with both HVJ and HMG-1. In 
that such expression constructs have been Successfully 35 
employed in transfer and expression of nucleic acid in vitro 
and in vivo, then they are applicable for the present invention. 
Where a bacterial promoter is employed in the DNA con 
struct, it also will be desirable to include within the liposome 
an appropriate bacterial polymerase. 40 

Other expression constructs which can be employed to 
deliver a nucleic acid encoding a particular gene into cells are 
receptor-mediated delivery vehicles. These take advantage of 
the selective uptake of macromolecules by receptor-mediated 
endocytosis in almost all eukaryotic cells. Because of the cell 45 
type-specific distribution of various receptors, the delivery 
can be highly specific (Wu and Wu, 1993). 

Receptor-mediated gene targeting vehicles generally con 
sist of two components: a cell receptor-specific ligand and a 
DNA-binding agent. Several ligands have been used for 50 
receptor-mediated gene transfer. The most extensively char 
acterized ligands are asialoorosomucoid (ASOR) (Wu and 
Wu, 1987) and transferrin (Wagner et al., 1990). Recently, a 
synthetic neoglycoprotein, which recognizes the same recep 
tor as ASOR, has been used as a gene delivery vehicle (Ferkol 55 
et al., 1993; Perales et al., 1994) and epidermal growth factor 
(EGF) has also been used to deliver genes to squamous car 
cinoma cells (Myers, EPO 0273085). 

In other embodiments, the delivery vehicle may comprise a 
ligand and a liposome. For example, Nicolau et al., (1987) 60 
employed lactosyl-ceramide, a galactose-terminal asialgan 
glioside, incorporated into liposomes and observed an 
increase in the uptake of the insulin gene by hepatocytes. 
Thus, it is feasible that a nucleic acid encoding a particular 
gene also may be specifically delivered into a cell type such as 65 
lung, epithelial or tumor cells, by any number of receptor 
ligand systems with or without liposomes. For example, epi 
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dermal growth factor (EGF) may be used as the receptor for 
mediated delivery of a nucleic acid encoding a gene in many 
tumor cells that exhibit upregulation of EGF receptor. Man 
nose can be used to target the mannose receptor on liver cells. 
Also, antibodies to CD5 (CLL), CD22 (lymphoma), CD25 
(T-cell leukemia) and MAA (melanoma) can similarly be 
used as targeting moieties. 

In certain embodiments, gene transfer may more easily be 
performed under ex vivo conditions. Ex vivo gene therapy 
refers to the isolation of cells from an animal, the delivery of 
a nucleic acid into the cells in vitro, and then the return of the 
modified cells back into an animal. This may involve the 
Surgical removal of tissue/organs from an animal or the pri 
mary culture of cells and tissues. 

Primary mammalian cell cultures may be prepared in vari 
ous ways. In order for the cells to be kept viable while in vitro 
and in contact with the expression construct, it is necessary to 
ensure that the cells maintain contact with the correct ratio of 
oxygen and carbon dioxide and nutrients but are protected 
from microbial contamination. Cell culture techniques are 
well documented and are disclosed herein by reference 
(Freshner, 1992). 
One embodiment of the foregoing involves the use of gene 

transfer to immortalize cells for the production of proteins. 
The gene for the protein of interest may be transferred as 
described above into appropriate host cells followed by cul 
ture of cells under the appropriate conditions. The gene for 
virtually any polypeptide may be employed in this manner. 
The generation of recombinant expression vectors, and the 
elements included therein, are discussed above. Alternatively, 
the protein to be produced may be an endogenous protein 
normally synthesized by the cell in question. 

Examples of useful mammalian host cell lines are Vero and 
HeLa cells and cell lines of Chinese hamster ovary, W 138, 
BHK, COS-7, 293, HepG2, NIH3T3, RIN and MDCK cells. 
In addition, a host cell strain may be chosen that modulates 
the expression of the inserted sequences, or modifies and 
process the gene product in the manner desired. Such modi 
fications (e.g., glycosylation) and processing (e.g., cleavage) 
of protein products may be important for the function of the 
protein. Different host cells have characteristic and specific 
mechanisms for the post-translational processing and modi 
fication of proteins. Appropriate cell lines or host systems can 
be chosen to insure the correct modification and processing of 
the foreign protein expressed. 
A number of selection systems may be used including, but 

not limited to, HSV thymidine kinase, hypoxanthine-guanine 
phosphoribosyltransferase and adenine phosphoribosyltrans 
ferase genes, in tk-, hgprt- or aprt-cells, respectively. Also, 
anti-metabolite resistance can be used as the basis of selection 
for dhfr, that confers resistance to; gpt, that confers resistance 
to mycophenolic acid; neo, that confers resistance to the 
aminoglycoside G418; and hygro, that confers resistance to 
hygromycin. 

Animal cells can be propagated in vitro in two modes: as 
non-anchorage dependent cells growing in Suspension 
throughout the bulk of the culture or as anchorage-dependent 
cells requiring attachment to a solid Substrate for their propa 
gation (i.e., a monolayer type of cell growth). 

Q. Antibodies 
The antibodies of the present invention are useful for the 

isolation of antigens by immunoprecipitation. Immunopre 
cipitation involves the separation of the target antigen com 
ponent from a complex mixture, and is used to discriminate or 
isolate minute amounts of protein. For the isolation of mem 
brane proteins cells must be solubilized into detergent 
micelles. Nonionic salts are preferred, since other agents such 
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as bile salts, precipitate at acid pH or in the presence of 
bivalent cations. Antibodies are and their uses are discussed 
further below. 

In another aspect, the present invention contemplates an 
antibody that is immunoreactive with a Fus 1, 101F6, Gene 
21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
molecule of the present invention, or any portion thereof. An 
antibody can be a polyclonal or a monoclonal antibody. In one 
embodiment, an antibody is a monoclonal antibody. Means 
for preparing and characterizing antibodies are well known in 
the art (see, e.g., Howell and Lane, 1988). 

Briefly, a polyclonal antibody is prepared by immunizing 
an animal with an immunogen comprising a polypeptide of 
the present invention and collecting antisera from that immu 
nized animal. A wide range of animal species can be used for 
the production of antisera. Typically an animal used for pro 
duction of anti-antisera is a non-human animal including 
rabbits, mice, rats, hamsters, pigs or horses. Because of the 
relatively large blood volume of rabbits, a rabbit is a preferred 
choice for production of polyclonal antibodies. 

Antibodies, both polyclonal and monoclonal, specific for 
isoforms of antigen may be prepared using conventional 
immunization techniques, as will be generally knownto those 
of skill in the art. A composition containing antigenic 
epitopes of the compounds of the present invention can be 
used to immunize one or more experimental animals, such as 
a rabbit or mouse, which will then proceed to produce specific 
antibodies against the compounds of the present invention. 
Polyclonal antisera may be obtained, after allowing time for 
antibody generation, simply by bleeding the animal and pre 
paring serum samples from the whole blood. 

It is proposed that the monoclonal antibodies of the present 
invention will find useful application in standard immu 
nochemical procedures, such as ELISA and Western blot 
methods and in immunohistochemical procedures such as 
tissue staining, as well as in other procedures which may 
utilize antibodies specific to Fus 1, 101F6, Gene 21, Gene 26, 
Beta, Luca1, Luca2, PL6, 123F2, or SEM A3-related anti 
gen epitopes. Additionally, it is proposed that monoclonal 
antibodies specific to the particular Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 of 
different species may be utilized in other useful applications 

In general, both polyclonal and monoclonal antibodies 
against Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2. 
PL6, 123F2, or SEMA3 may be used in a variety of embodi 
ments. For example, they may be employed in antibody clon 
ing protocols to obtain cDNAS or genes encoding other Fus1, 
101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
or SEM A3. They may also be used in inhibition studies to 
analyze the effects of Fus1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 related peptides in 
cells or animals. Anti-Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEMA3 antibodies also will be 
useful in immunolocalization studies to analyze the distribu 
tion of Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, 
PL6, 123F2, and SEM A3 during various cellular events, for 
example, to determine the cellular or tissue-specific distribu 
tion of Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, 
PL6, 123F2, and SEMA3 polypeptides under different points 
in the cell cycle. A particularly useful application of Such 
antibodies is in purifying native or recombinant Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM 
A3, for example, using an antibody affinity column. The 
operation of all Such immunological techniques will be 
known to those of skill in the art in light of the present 
disclosure. 
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Means for preparing and characterizing antibodies are well 

known in the art (see, e.g., Harlow and Lane, 1988; incorpo 
rated herein by reference). More specific examples of mono 
clonal antibody preparation are give in the examples below. 
As is well known in the art, a given composition may vary 

in its immunogenicity. It is often necessary therefore to boost 
the host immune system, as may be achieved by coupling a 
peptide or polypeptide immunogen to a carrier. Exemplary 
and preferred carriers are keyhole limpet hemocyanin (KLH) 
and bovine serum albumin (BSA). Other albumins such as 
ovalbumin, mouse serum albumin or rabbit serum albumin 
can also be used as carriers. Means for conjugating a polypep 
tide to a carrier protein are well known in the art and include 
glutaraldehyde, m-maleimidobencoyl-N-hydroxysuccinim 
ide ester, carbodiimide and bis-biazotized benzidine. 
As also is well known in the art, the immunogenicity of a 

particular immunogen composition can be enhanced by the 
use of non-specific stimulators of the immune response, 
known as adjuvants. Exemplary and preferred adjuvants 
include complete Freund's adjuvant (a non-specific stimula 
tor of the immune response containing killed Mycobacterium 
tuberculosis), incomplete Freund's adjuvants and aluminum 
hydroxide adjuvant. 
The amount of immunogen composition used in the pro 

duction of polyclonal antibodies varies upon the nature of the 
immunogen as well as the animal used for immunization. A 
variety of routes can be used to administer the immunogen 
(Subcutaneous, intramuscular, intradermal, intravenous and 
intraperitoneal). The production of polyclonal antibodies 
may be monitored by sampling blood of the immunized ani 
mal at various points following immunization. A second, 
booster, injection may also be given. The process of boosting 
and titering is repeated until a suitable titer is achieved. When 
a desired level of immunogenicity is obtained, the immunized 
animal can be bled and the serum isolated and stored, and/or 
the animal can be used to generate mabs. 
MAbs may be readily prepared through use of well-known 

techniques, such as those exemplified in U.S. Pat. No. 4,196, 
265, incorporated herein by reference. Typically, this tech 
nique involves immunizing a suitable animal with a selected 
immunogen composition, e.g., a purified or partially purified 
Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 
123F2, or SEM A3 protein, polypeptide or peptide or cell 
expressing high levels of Fus 1, 101F6, Gene 21, Gene 26, 
Beta, Luca1, Luca2, PL6, 123F2, or SEM A3. The immu 
nizing composition is administered in a manner effective to 
stimulate antibody-producing cells. Rodents such as mice 
and rats are preferred animals, however, the use of rabbit, 
sheep, and frog cells is also possible. The use of rats may 
provide certain advantages (Goding, 1986), but mice are pre 
ferred, with the BALB/cmouse being most preferred as this is 
most routinely used and generally gives a higher percentage 
of stable fusions. 

Following immunization, Somatic cells with the potential 
for producing antibodies, specifically B-lymphocytes 
(B-cells), are selected for use in the mAb generating protocol. 
These cells may be obtained from biopsied spleens, tonsils or 
lymph nodes, or from a peripheral blood sample. Spleen cells 
and peripheral blood cells are preferred, the former because 
they are a rich source of antibody-producing cells that are in 
the dividing plasmablast stage, and the latter because periph 
eral blood is easily accessible. Often, a panel of animals will 
have been immunized and the spleen of animal with the 
highest antibody titer will be removed and the spleen lym 
phocytes obtained by homogenizing the spleen with a 
Syringe. Typically, a spleen from an immunized mouse con 
tains approximately 5x10 to 2x10' lymphocytes. 
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The antibody-producing B lymphocytes from the immu 
nized animal are then fused with cells of an immortal 
myeloma cell, generally one of the same species as the animal 
that was immunized. Myeloma cell lines suited for use in 
hybridoma-producing fusion procedures preferably are non 
antibody-producing, have high fusion efficiency, and enzyme 
deficiencies that render then incapable of growing in certain 
selective media which support the growth of only the desired 
fused cells (hybridomas). 
Any one of a number of myeloma cells may be used, as are 

known to those of skill in the art (Goding, 1986; Campbell, 
1984). For example, where the immunized animal is a mouse, 
one may use P3-X63/Ag8, P3-X63-Ag8.653, NS1/1. Ag 41, 
Sp210-Ag14, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7 
and S194/5XX0 Bul; for rats, one may use R210. RCY3, 
Y3-Ag 1.2.3, IR983F and 4B210; and U-266, GM1500 
GRG2, LICR-LON-HMy2 and UC729-6 are all useful in 
connection with cell fusions. 

Methods for generating hybrids of antibody-producing 
spleen or lymph node cells and myeloma cells usually com 
prise mixing Somatic cells with myeloma cells in a 2:1 ratio, 
though the ratio may vary from about 20:1 to about 1:1, 
respectively, in the presence of an agent or agents (chemical 
or electrical) that promote the fusion of cell membranes. 
Fusion methods using Sendai virus have been described 
(Kohler and Milstein, 1975; 1976), and those using polyeth 
ylene glycol (PEG), such as 37% (v/v) PEG, by Gefter et al., 
(1977). The use of electrically induced fusion methods is also 
appropriate (Goding, 1986). 

Fusion procedures usually produce viable hybrids at low 
frequencies, around 1x10 to 1x10. However, this does not 
pose a problem, as the viable, fused hybrids are differentiated 
from the parental, unfused cells (particularly the unfused 
myeloma cells that would normally continue to divide indefi 
nitely) by culturing in a selective medium. The selective 
medium is generally one that contains an agent that blocks the 
de novo synthesis of nucleotides in the tissue culture media. 
Exemplary and preferred agents are aminopterin, methotrex 
ate, and azaserine. Aminopterin and methotrexate block de 
novo synthesis of both purines and pyrimidines, whereas 
aZaserine blocks only purine synthesis. Whereaminopterin or 
methotrexate is used, the media is Supplemented with hypox 
anthine and thymidine as a source of nucleotides (HAT 
medium). Where aZaserine is used, the media is Supple 
mented with hypoxanthine. 
The preferred selection medium is HAT. Only cells capable 

of operating nucleotide Salvage pathways are able to Survive 
in HAT medium. The myeloma cells are defective in key 
enzymes of the Salvage pathway, e.g., hypoxanthine phospho 
ribosyl transferase (HPRT), and they cannot survive. The 
B-cells can operate this pathway, but they have a limited life 
span in culture and generally die within about two weeks. 
Therefore, the only cells that can survive in the selective 
media are those hybrids formed from myeloma and B-cells. 

This culturing provides a population of hybridomas from 
which specific hybridomas are selected. Typically, selection 
of hybridomas is performed by culturing the cells by single 
clone dilution in microtiter plates, followed by testing the 
individual clonal supernatants (after about two to three 
weeks) for the desired reactivity. The assay should be sensi 
tive, simple and rapid, such as radioimmunoassays, enzyme 
immunoassays, cytotoxicity assays, plaque assays, dot 
immunobinding assays, and the like. 
The selected hybridomas would then be serially diluted 

and cloned into individual antibody-producing cell lines, 
which clones can then be propagated indefinitely to provide 
mAbs. The cell lines may be exploited for mAb production in 
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two basic ways. A sample of the hybridoma can be injected 
(often into the peritoneal cavity) into a histocompatible ani 
mal of the type that was used to provide the Somatic and 
myeloma cells for the original fusion. The injected animal 
develops tumors secreting the specific monoclonal antibody 
produced by the fused cell hybrid. The body fluids of the 
animal. Such as serum or ascites fluid, can then be tapped to 
provide mabs in high concentration. The individual cell lines 
could also be cultured in vitro, where the mabs are naturally 
secreted into the culture medium from which they can be 
readily obtained in high concentrations. mAbs produced by 
either means may be further purified, if desired, using filtra 
tion, centrifugation and various chromatographic methods 
such as HPLC or affinity chromatography. 

R. Diagnosing Cancers Involving Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 

Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, 
PL6, 123F2, and SEMA3 and their corresponding genes may 
be employed as a diagnostic or prognostic indicator of cancer. 
More specifically, point mutations, deletions, insertions or 
regulatory perturbations relating to Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, and SEM A3 
may cause cancer or promote cancer development, cause or 
promoter tumor progressionata primary site, and/or cause or 
promote metastasis. Other phenomena associated with malig 
nancy that may be affected by Fus 1, 101F6, Gene 21, Gene 
26, Beta, Luca1, Luca2, PL6, 123F2, and SEM A3 expres 
sion include angiogenesis and tissue invasion. 

1. Genetic Diagnosis 
One embodiment of the instant invention comprises a 

method for detecting variation in the expression of Fus1, 
101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
or SEM A3. This may comprise determining that level of 
Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 
123F2, or SEM A3 or determining specific alterations in the 
expressed product. Obviously, this sort of assay has impor 
tance in the diagnosis of related cancers. Such cancer may 
involve cancers of the brain, lung, liver, spleen, kidney, lymph 
node, Small intestine, blood cells, pancreas, colon, stomach, 
cervix, breast, endometrium, prostate, testicle, ovary, skin, 
head and neck, esophagus, oral tissue, bone marrow and 
blood tissue. 
The biological sample can be any tissue or fluid. Various 

embodiments include cells of the brain, lung, liver, spleen, 
kidney, lymph node, Small intestine, blood cells, pancreas, 
colon, stomach, cervix, breast, endometrium, prostate, tes 
ticle, ovary, skin, head and neck, esophagus, oral tissue, bone 
marrow and blood tissue. Other embodiments include fluid 
samples such as peripheral blood, lymph fluid, ascites, serous 
fluid, pleural effusion, sputum, cerebrospinal fluid, lacrimal 
fluid, stool, or urine. 

Nucleic acid used is isolated from cells contained in the 
biological sample, according to standard methodologies 
(Sambrook et al., 1989). The nucleic acid may be genomic 
DNA or fractionated or whole cell RNA. Where RNA is used, 
it may be desired to convert the RNA to a complementary 
DNA. In one embodiment, the RNA is whole cell RNA; in 
another, it is poly-A RNA. Normally, the nucleic acid is 
amplified. 

Depending on the format, the specific nucleic acid of inter 
est is identified in the sample directly using amplification or 
with a second, known nucleic acid following amplification. 
Next, the identified product is detected. In certain applica 
tions, the detection may be performed by visual means (e.g., 
ethidium bromide staining of a gel). Alternatively, the detec 
tion may involve indirect identification of the product via 
chemiluminescence, radioactive Scintigraphy of radiolabel or 
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fluorescent label or even via a system using electrical or 
thermal impulse signals (Affymax Technology; Bellus, 
1994). 

Following detection, one may compare the results seen in a 
given patient with a statistically significant reference group of 
normal patients and patients that have Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3-re 
lated pathologies. In this way, it is possible to correlate the 
amount or kind of Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEMA3 detected with various 
clinical states. 

Alterations of a gene include deletions, insertions, point 
mutations and duplications. Point mutations result in stop 
codons, frameshift mutations or amino acid Substitutions. 
Somatic mutations are those occurring in non-germline tis 
Sues. Germ-line tissue can occur in any tissue and are inher 
ited. Mutations in and outside the coding region also may 
affect the amount of Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 produced, both by 
altering the transcription of the gene or in destabilizing or 
otherwise altering the processing of either the transcript 
(mRNA) or protein. 
A variety of different assays are contemplated in this 

regard, including but not limited to, fluorescent in situ hybrid 
ization (FISH), direct DNA sequencing, PFGE analysis, 
Southern or Northern blotting, single-stranded conformation 
analysis (SSCA), RNAse protection assay, allele-specific oli 
gonucleotide (ASO), dot blot analysis, denaturing gradient 
gel electrophoresis, RFLP and PCRTM-SSCP. 

2. Southern/Northern Blotting 
Blotting techniques are well known to those of skill in the 

art. Southern blotting involves the use of DNA as a target, 
whereas Northern blotting involves the use of RNA as a 
target. Each provide different types of information, although 
cDNA blotting is analogous, in many aspects, to blotting or 
RNA species. 

Briefly, a probe is used to target a DNA or RNA species that 
has been immobilized on a suitable matrix, often a filter of 
nitrocellulose. The different species should be spatially sepa 
rated to facilitate analysis. This often is accomplished by gel 
electrophoresis of nucleic acid species followed by “blotting 
on to the filter. 

Subsequently, the blotted target is incubated with a probe 
(usually labeled) under conditions that promote denaturation 
and rehybridization. Because the probe is designed to base 
pair with the target, the probe will binding a portion of the 
target sequence under renaturing conditions. Unbound probe 
is then removed, and detection is accomplished as described 
above. 

3. Separation Methods 
It normally is desirable, at one stage or another, to separate 

the amplification product from the template and the excess 
primer for the purpose of determining whether specific ampli 
fication has occurred. In one embodiment, amplification 
products are separated by agarose, agarose-acrylamide or 
polyacrylamide gel electrophoresis using standard methods. 
See Sambrook et al., 1989. 

Alternatively, chromatographic techniques may be 
employed to effect separation. There are many kinds of chro 
matography which may be used in the present invention: 
adsorption, partition, ion-exchange and molecular sieve, and 
many specialized techniques for using them including col 
umn, paper, thin-layer and gas chromatography (Freifelder, 
1982). 

4. Detection Methods 
Products may be visualized in order to confirm amplifica 

tion of the marker sequences. One typical visualization 
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method involves staining of a gel with ethidium bromide and 
visualization under UV light. Alternatively, if the amplifica 
tion products are integrally labeled with radio- or fluoro 
metrically-labeled nucleotides, the amplification products 
can then be exposed to X-ray film or visualized under the 
appropriate stimulating spectra, following separation. 

5. Kit Components 
All the essential materials and reagents required for detect 

ing and sequencing Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 and variants thereof 
may be assembled together in a kit. This generally will com 
prise preselected primers and probes. Also included may be 
enzymes Suitable for amplifying nucleic acids including vari 
ous polymerases (RT, Taq, SequenaseTM, etc.), deoxynucle 
otides and buffers to provide the necessary reaction mixture 
for amplification. Such kits also generally will comprise, in 
Suitable means, distinct containers for each individual reagent 
and enzyme as well as for each primer or probe. 

6. RT-PCRTM (Relative Quantitative) 
Reverse transcription (RT) of RNA to cDNA followed by 

relative quantitative PCRTM (RT-PCRTM) can be used to deter 
mine the relative concentrations of specific mRNA species 
isolated from patients. By determining that the concentration 
of a specific mRNA species varies, it is shown that the gene 
encoding the specific mRNA species is differentially 
expressed. 

In PCRTM, the number of molecules of the amplified target 
DNA increase by a factor approaching two with every cycle of 
the reaction until some reagent becomes limiting. Thereafter, 
the rate of amplification becomes increasingly diminished 
until there is no increase in the amplified target between 
cycles. If a graph is plotted in which the cycle number is on the 
Xaxis and the log of the concentration of the amplified target 
DNA is on the Y axis, a curved line of characteristic shape is 
formed by connecting the plotted points. Beginning with the 
first cycle, the slope of the line is positive and constant. This 
is said to be the linear portion of the curve. After a reagent 
becomes limiting, the slope of the line begins to decrease and 
eventually becomes Zero. At this point the concentration of 
the amplified target DNA becomes asymptotic to some fixed 
value. This is said to be the plateau portion of the curve. 
The concentration of the target DNA in the linear portion of 

the PCRTM amplification is directly proportional to the start 
ing concentration of the target before the reaction began. By 
determining the concentration of the amplified products of 
the target DNA in PCRTM reactions that have completed the 
same number of cycles and are in their linear ranges, it is 
possible to determine the relative concentrations of the spe 
cific target sequence in the original DNA mixture. If the DNA 
mixtures are cDNAs synthesized from RNAs isolated from 
different tissues or cells, the relative abundances of the spe 
cific mRNA from which the target sequence was derived can 
be determined for the respective tissues or cells. This direct 
proportionality between the concentration of the PCRTM 
products and the relative mRNA abundances is only true in 
the linear range of the PCRTM reaction. 
The final concentration of the target DNA in the plateau 

portion of the curve is determined by the availability of 
reagents in the reaction mix and is independent of the original 
concentration of target DNA. Therefore, the first condition 
that must be met before the relative abundances of a mRNA 
species can be determined by RT-PCRTM for a collection of 
RNA populations is that the concentrations of the amplified 
PCRTM products must be sampled when the PCRTM reactions 
are in the linear portion of their curves. 
The second condition that must be met for an RT-PCRTM 

experiment to Successfully determine the relative abundances 
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ofaparticular mRNA species is that relative concentrations of 
the amplifiable cDNAs must be normalized to some indepen 
dent standard. The goal of an RT-PCRTM experiment is to 
determine the abundance of a particular mRNA species rela 
tive to the average abundance of all mRNA species in the 
sample. In the experiments described below, mRNAs for 
B-actin, asparagine synthetase and lipocortin II were used as 
external and internal standards to which the relative abun 
dance of other mRNAs are compared. 
Most protocols for competitive PCRTM utilize internal 

PCRTM standards that are approximately as abundant as the 
target. These strategies are effective if the products of the 
PCRTM amplifications are sampled during their linear phases. 
If the products are sampled when the reactions are approach 
ing the plateau phase, then the less abundant product becomes 
relatively over represented. Comparisons of relative abun 
dancies made for many different RNA samples, such as is the 
case when examining RNA samples for differential expres 
Sion, become distorted in Sucha way as to make differences in 
relative abundances of RNAs appear less than they actually 
are. This is not a significant problem if the internal standard is 
much more abundant than the target. If the internal standard is 
more abundant than the target, then direct linear comparisons 
can be made between RNA samples. 
The above discussion describes theoretical considerations 

for an RT-PCRTM assay for clinically derived materials. The 
problems inherent in clinical samples are that they are of 
variable quantity (making normalization problematic), and 
that they are of variable quality (necessitating the co-ampli 
fication of a reliable internal control, preferably of larger size 
than the target). Both of these problems are overcome if the 
RT-PCRTM is performed as a relative quantitative RT-PCRTM 
with an internal standard in which the internal standard is an 
amplifiable cDNA fragment that is larger than the target 
cDNA fragment and in which the abundance of the mRNA 
encoding the internal standard is roughly 5-100 fold higher 
than the mRNA encoding the target. This assay measures 
relative abundance, not absolute abundance of the respective 
mRNA species. 

Other studies may be performed using a more conventional 
relative quantitative RT-PCRTM assay with an external stan 
dard protocol. These assays sample the PCRTM products in the 
linear portion of their amplification curves. The number of 
PCRTM cycles that are optimal for sampling must be empiri 
cally determined for each target cDNA fragment. In addition, 
the reverse transcriptase products of each RNA population 
isolated from the various tissue samples must be carefully 
normalized for equal concentrations of amplifiable cDNAs. 
This consideration is very important since the assay measures 
absolute mRNA abundance. Absolute mRNA abundance can 
be used as a measure of differential gene expression only in 
normalized samples. While empirical determination of the 
linear range of the amplification curve and normalization of 
cDNA preparations are tedious and time consuming pro 
cesses, the resulting RT-PCRTM assays can be superior to 
those derived from the relative quantitative RT-PCRTM assay 
with an internal standard. 
One reason for this advantage is that without the internal 

standard/competitor, all of the reagents can be converted into 
a single PCRTM product in the linear range of the amplifica 
tion curve, thus increasing the sensitivity of the assay. 
Another reason is that with only one PCRTM product, display 
of the product on an electrophoretic gel or another display 
method becomes less complex, has less background and is 
easier to interpret. 

Still other studies may be performed using “real-time” 
RT-PCRTM (Higuchi et al., A1993). These assays detect 
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PCRTM products as they accumulate instead of detecting the 
amount of PCRTM products accumulated after a fixed number 
of cycles. A method of detecting fluorescence after each 
PCRTM cycle is required. The fluorescence signal is plotted 
versus the cycle number. The cycle number is expressed as the 
threshold cycle (C). The initial fluorescence defines the 
baseline for the plot and an accumulated PCRTM product is 
indicated by an increase in fluorescence above the baseline. 
Quantification of the amount of target in a sample is deter 
mined by measuring and comparing the C to a standard curve 
to determine the starting copy number. 

“Real-Time" RT-PCRTM (Higuchi et al., 1993) provides 
more precise quantitation of the amount of target because it is 
determined during the exponential phase of PCRTM, rather 
than at the endpoint. It also allows higher throughput because 
the use of C values allow a larger dynamic range. Dilutions 
of each sample are no longer required. 

7. Immunodiagnosis 
Antibodies of the present invention can be used in charac 

terizing the Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, 
Luca2, PL6, 123F2, or SEM A3 content of healthy and dis 
eased tissues, through techniques such as ELISAS and West 
ern blotting. This may provide a screen for the presence or 
absence of malignancy or as a predictor of future cancer. 
The use of antibodies of the present invention, in an ELISA 

assay is contemplated. For example, anti-Fus 1, 101F6, Gene 
21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
antibodies are immobilized onto a selected surface, prefer 
ably a surface exhibiting a proteinaffinity such as the wells of 
a polystyrene microtiter plate. After washing to remove 
incompletely adsorbed material, it is desirable to bind or coat 
the assay plate wells with a non-specific protein that is known 
to be antigenically neutral with regard to the testantisera Such 
as bovine serum albumin (BSA), casein or solutions of pow 
dered milk. This allows for blocking of non-specific adsorp 
tion sites on the immobilizing Surface and thus reduces the 
background caused by non-specific binding of antigen onto 
the surface. 

After binding of antibody to the well, coating with a non 
reactive material to reduce background, and washing to 
remove unbound material, the immobilizing Surface is con 
tacted with the sample to be tested in a manner conducive to 
immune complex (antigen/antibody) formation. 

Following formation of specific immunocomplexes 
between the test sample and the bound antibody, and subse 
quent washing, the occurrence and even amount of immuno 
complex formation may be determined by Subjecting same to 
a second antibody having specificity for Fus 1, 101F6, Gene 
21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
that differs the first antibody. Appropriate conditions prefer 
ably include diluting the sample with diluents such as BSA, 
bovine gamma globulin (BGG) and phosphate buffered saline 
(PBS)/Tween(R). These added agents also tend to assist in the 
reduction of nonspecific background. The layered antisera is 
then allowed to incubate for from about 2 to about 4 hr, at 
temperatures preferably on the order of about 25° to about 27° 
C. Following incubation, the antisera-contacted Surface is 
washed so as to remove non-immunocomplexed material. A 
preferred washing procedure includes washing with a solu 
tion such as PBS/Tween(R), or borate buffer. 
To provide a detecting means, the second antibody will 

preferably have an associated enzyme that will generate a 
color development upon incubating with an appropriate chro 
mogenic Substrate. Thus, for example, one will desire to 
contact and incubate the second antibody-bound Surface with 
aurease, alkaline phosphatase, glucose oxidase, or (horserad 
ish) peroxidase-conjugated anti-human IgG for a period of 
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time and under conditions which favor the development of 
immunocomplex formation (e.g., incubation for 2 hr at room 
temperature in a PBS-containing solution such as PBS/ 
Tween(R). 

After incubation with the second enzyme-tagged antibody, 5 
and Subsequent to washing to remove unbound material, the 
amount of label is quantified by incubation with a chromoge 
nic Substrate Such as urea and bromocresol purple or 2,2'- 
azino-di-(3-ethyl-benzthiazoline)-6-sulfonic acid (ABTS) 
and H2O2, in the case of peroxidase as the enzyme label. 
Quantitation is then achieved by measuring the degree of 
color generation, e.g., using a visible spectrum spectropho 
tOmeter. 

The preceding format may be altered by first binding the 
sample to the assay plate. Then, primary antibody is incu- 15 
bated with the assay plate, followed by detecting of bound 
primary antibody using a labeled second antibody with speci 
ficity for the primary antibody. 
The antibody compositions of the present invention will 

find great use in immunoblot or Western blot analysis. The 
antibodies may be used as high-affinity primary reagents for 
the identification of proteins immobilized onto a solid support 
matrix. Such as nitrocellulose, nylon or combinations thereof. 
In conjunction with immunoprecipitation, followed by gel 
electrophoresis, these may be used as a single step reagent for 
use in detecting antigens against which secondary reagents 
used in the detection of the antigen cause an adverse back 
ground. Immunologically-based detection methods for use in 
conjunction with Western blotting include enzymatically 
radiolabel-, or fluorescently-tagged secondary antibodies 
against the toxin moiety are considered to be of particular use 
in this regard. 

8. Combination of Tumor Suppressors with Other Markers 
Tumors are notoriously heterogeneous, particularly in 

advanced stages of tumor progression (Morton et al., 1993; 
Fidler and Hart, 1982: Nowell, 1982; Elder et al., 1989; 
Bystryn et al., 1985). Although tumor cells within a primary 
tumor or metastasis all may express the same marker gene, the 
level of specific mRNA expression can vary considerably 
(Elder et al., 1989). It is, in certain instances, necessary to 
employ a detection system that can cope with an array of 
heterogeneous markers. 

Thus, while the present invention exemplifies various 
tumor Suppressors as a markers, any marker that is correlated 
with the presence or absence of cancer may be used in com 
bination with these markers to improve the efficacy of tumor 
detection and treatment. A marker, as used herein, is any 
proteinaceous molecule (or corresponding gene) whose pro 
duction or lack of production is characteristic of a cancer cell. 
Depending on the particular set of markers employed in a 
given analysis, the statistical analysis will vary. For example, 
where a particular combination of markers is highly specific 
for melanomas or breast cancer, the statistical significance of 
a positive result will be high. It may be, however, that such 
specificity is achieved at the cost of sensitivity, i.e., a negative 55 
result may occur even in the presence of melanoma or breast 
cancer. By the same token, a different combination may be 
very sensitive, i.e., few false negatives, but has a lower speci 
ficity. 
As new markers are identified, different combinations may 60 

be developed that show optimal function with different ethnic 
groups or sex, different geographic distributions, different 
stages of disease, different degrees of specificity or different 
degrees of sensitivity. Marker combinations also may be 
developed, which are particularly sensitive to the effect of 65 
therapeutic regimens on disease progression. Patients may be 
monitored after Surgery, gene therapy, hyperthermia, immu 
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notherapy, cytokine therapy, gene therapy, radiotherapy or 
chemotherapy, to determine if a specific therapy is effective. 
One particularly useful combination of markers for mela 

noma is tyrosinase and members of the MAGE family, par 
ticularly MAGE-1 or MAGE-3. Human tyrosinase is an 
essential enzyme which regulates the production of melanin 
(Nordlund et al., 1989; Hoon et al., 1993), a group of brown 
or black pigments in the skin and eyes of humans. More 
specifically, tyrosinase catalyzes the conversion of tyrosine to 
Dopa and of Dopa to dopaquinone. 

There are many other markers that may be used in combi 
nation with these, and other, markers. For example, b-human 
chorionic gonadotropin (b-HCG).b-HCG is produced by tro 
phoblastic cells of placenta of pregnant woman and is essen 
tial for maintenance of pregnancy at the early stages (Pierce et 
al., 1981; Talmadge et al., 1984). b-HCG is known to be 
produced by trophoblastic or germ cell origin tumors, such as 
choriocarcinoma or testicular carcinoma cells (Madersbacher 
et al., 1994; Cole et al., 1983). Also ectopic expression of 
b-HCG has been detected by a number of different immu 
noassays in various tumors of non-gonadal such as breast, 
lung, gastric, colon, and pancreas, etc. (McManus et al., 1976: 
Yoshimura et al., 1994; Yamaguchi et al., 1989; Marcillac et 
al., 1992; Alfthan et al., 1992). Although the function of 
b-HCG production in these tumors is still unknown, the ata 
vistic expression of b-HCG by cancer cells and not by normal 
cells of non-gonadal origin Suggests it may be a potentially 
good marker in the detection of melanoma and breast cancer 
(Hoon et al., 1996; Sarantou et al., 1997). 

Another exemplary example of a marker is glycosyltrans 
ferase b-1,4-N-acetylgalacto-saminyltransferase (GalNAc). 
GalNAc catalyzes the transfer of N-acetylgalactosamine by 
b1(r) 4 linkage onto both gangliosides GM3 and GD3 to 
generate GM2 and GD2, respectively (Nagata et al., 1992: 
Furukawa et al., 1993). It also catalyzes the transfer of 
N-acetylgalactosamine to other carbohydrate molecules Such 
as mucins. Gangliosides are glycosphingolipids containing 
sialic acids which play an important role in cell differentia 
tion, adhesion and malignant transformation. In melanoma, 
gangliosides GM2 and GD2 expression, are often enhanced 
to very high levels and associate with tumor progression 
including metastatic tumors (Hoon et al., 1989; Ando et al., 
1987; Carubia et al., 1984; Tsuchida et al., 1987a). Ganglio 
sides are also expressed in melanoma, renal, lung, breast 
carcinoma cancer cells. The gangliosides GM2 and GD2 are 
immunogenic in humans and can be used as a target for 
specific immunotherapy Such as human monoclonal antibod 
ies or cancer vaccines (Tsuchida et al., 1987b; Irie, 1985.) 
GalNAc mRNA may be used as a marker of GM2 and GD2 

expression and consequently a marker of either melanoma or 
breast cancer cells. GalNAc is generally not expressed in 
normal lymphocytes, epithelial cells, melanocytes, connec 
tive tissue or lymph node cells. If detected, it is in very low 
levels. Prostate specific antigen is a well characterized marker 
for prostate cancer (Gomella et al., 1997). bcr/abl gene for 
leukemia is a further well characterized marker that is con 
templated to be useful in combination with HOJ-1. 

Other markers contemplated by the present invention 
include cytolytic T lymphocyte (CTL) targets. MAGE-3 is a 
marker identified in melanoma cells and breast carcinoma. 
MAGE-3 is expressed in many melanomas as well as other 
tumors and is a (CTL) target (Gaugler et al., 1994). MAGE-1, 
MAGE-2, MAGE-4, MAGE-6, MAGE-12, MAGE-Xp, and 
are other members of the MAGE gene family. MAGE-1 gene 
sequence shows 73% identity with MAGE-3 and expresses an 
antigen also recognized by CTL (Gaugler et al., 1994). 
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MART-1 is another potential CTL target (Robbins et al., 
1994) and also may be included in the present invention. 
MUC18 is another marker that is useful in the identification 

ofmelanoma cells (Lehman et al., 1989; Lehman et al., 1987). 
MUC18 is a cell surface glycoprotein that is a member of the 
immunoglobulin Superfamily and possesses sequence homol 
ogy to neural cell adhesion molecules (NCAM). Other mucin 
family members include MUC1, MUC2, MUC3 and MUC4. 
These were found to be expressed at a high level in certain 
tumor cell lines (Hollingsworth et al., 1994) and also may be 
used as markers in combination with the novel HOJ-1 marker 
of the present invention. 

Other members of the immunoglobulin superfamily of 
adhesion molecules associated with the development of mela 
noma metastasis (Denton et al., 1992) may be utilized in the 
present invention. Examples include intercellular adhesion 
molecule-1 (ICAM-1) NCAM, VCAM-1 and ELAM. 
Another embodiment includes carcinoma cell related mol 
ecules and molecules associated with other metastatic dis 
eases such as carcinoembryonic antigen (CEA; Lin and 
Guidotti, 1989). 

Other carcinoma or skin cancer associated proteins and 
their corresponding nucleic acids also may be utilized in the 
present invention. Preferred examples include melanoma 
antigen gp75 (Vijayasardahi et al., 1990), human cytokeratin 
20, high molecular weight melanoma antigen (Natali et al., 
1987) and cytokeratin 19 (K19) (Datta et al., 1994). Other 
markers that may be useful herein include inhibitors of the 
cyclin-dependent kinases, (CDK). For example, CDK4 regu 
lates progression through the G1 phase of the cell cycle. The 
activity of CDK4 is controlled by an activating subunit, 
D-type cyclin, and by an inhibitory subunit, the p16INK4 has 
been biochemically characterized as a protein that specifi 
cally binds to and inhibits CDK4 (Serrano et al., 1993: Ser 
rano et al., 1995). Other CDK-inhibitory proteins that also 
includes p16, p21 WAF1, and p27KIP1. This list is not 
intended to be exhaustive, but merely exemplary, for the type 
and number of potential markers which may be used in the 
present invention. 

Other proteins and their corresponding nucleic acids 
related to the melanin synthesis pathway may be used as 
markers, such as tyrosinase related protein 1 and 2 and mem 
bers of the pMel 17 gene family (Kwon et al., 1993). 

Preferred embodiments of the invention involve many dif 
ferent combinations of markers for the detection of cancer 
cells. Any marker that is indicative of neoplasia in cells may 
be included in this invention. 

S. Transgenic Animals/Knockout Animals 
In one embodiment of the invention, transgenic animals are 

produced which contain a functional transgene encoding a 
functional Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, 
Luca2, PL6, 123F2, or SEM A3 polypeptide or variants 
thereof. Transgenic animals expressing Fus 1, 101F6, Gene 
21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
transgenes, recombinant cell lines derived from Such animals 
and transgenic embryos may be useful in methods for screen 
ing for and identifying agents that induce or repress function 
of Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, 
PL6, 123F2, or SEM A3. Transgenic animals of the present 
invention also can be used as models for studying indications 
Such as cancers. 

In one embodiment of the invention, a Fus 1, 101F6, Gene 
21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
transgene is introduced into a non-human host to produce a 
transgenic animal expressing a human or murine Fus1, 
101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
or SEM A3 gene. The transgenic animal is produced by the 
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integration of the transgene into the genome in a manner that 
permits the expression of the transgene. Methods for produc 
ing transgenic animals are generally described by Wagner and 
Hoppe (U.S. Pat. No. 4,873,191; which is incorporated herein 
by reference), Brinster et al. 1985; which is incorporated 
herein by reference in its entirety) and in “Manipulating the 
Mouse Embryo: A Laboratory Manual 2nd edition (eds., 
Hogan, Beddington, Costantimi and Long, Cold Spring Har 
bor Laboratory Press, 1994; which is incorporated herein by 
reference in its entirety). 

It may be desirable to replace the endogenous Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM 
A3 by homologous recombination between the transgene and 
the endogenous gene; or the endogenous gene may be elimi 
nated by deletion as in the preparation of “knock-out' ani 
mals. Typically, a Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 gene flanked by 
genomic sequences is transferred by microinjection into a 
fertilized egg. The microinjected eggs are implanted into a 
host female, and the progeny are screened for the expression 
of the transgene. Transgenic animals may be produced from 
the fertilized eggs from a number of animals including, but 
not limited to reptiles, amphibians, birds, mammals, and fish. 
Within a particular embodiment, transgenic mice are gener 
ated which overexpress Fus 1, 101F6, Gene 21, Gene 26, 
Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 or express a 
mutant form of the polypeptide. Alternatively, the absence of 
a Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 
123F2, or SEM A3 in “knock-out' mice permits the study of 
the effects that loss of Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 protein has on a cell 
in vivo. Knock-out mice also provide a model for the devel 
opment of Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, 
Luca2, PL6, 123F2, or SEM A3-related cancers. 
As noted above, transgenic animals and cell lines derived 

from Such animals may find use in certain testing experi 
ments. In this regard, transgenic animals and cell lines 
capable of expressing wild-type or mutant Fus 1, 101F6, Gene 
21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
may be exposed to test Substances. These test Substances can 
be screened for the ability to enhance wild-type Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM 
A3 expression and or function or impair the expression or 
function of mutant Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3. 

Promoter sequences mentioned within this document may 
be used to drive 3-galactosidase expression. The use of a 
B-galactosidase reporter construct in transgenic mice may be 
used to identify factors which regulate Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
expression. 

T. Methods for Treating Cancers Using Fus 1, 101F6, Gene 
21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 
The present invention also involves, in another embodi 

ment, the treatment of cancer. The types of cancer that may be 
treated, according to the present invention, is limited only by 
the involvement of Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3. By involvement, it is 
not even a requirement that Fus 1, 101F6, Gene 21, Gene 26, 
Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 be mutated or 
abnormal the overexpression of Fus 1, 101F6, Gene 21, 
Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEMA3 may 
actually overcome other lesions within the cell. Thus, it is 
contemplated that a wide variety of cancer cells may be 
treated using Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, 
Luca2, PL6, 123F2, or SEM A3 therapy, including brain, 
lung, liver, spleen, kidney, lymph node, Small intestine, blood 
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cells, pancreas, colon, stomach, cervix, breast, endometrium, 
prostate, testicle, ovary, skin, head and neck, esophagus, oral 
tissue, bone marrow and blood tissue. 

In many contexts, it is not necessary that the cancer cell be 
killed or induced to undergo normal cell death or "apoptosis.” 
Rather, to accomplish a meaningful treatment, all that is 
required is that the tumor growth be slowed to Some degree. It 
may be that the tumor growth is partially or completely 
blocked, however, or that some tumor regression is achieved. 
Clinical terminology such as “remission' and “reduction of 
tumor burden also are contemplated given their normal 
uSage. 

1. Genetic Based Therapies 
One of the therapeutic embodiments contemplated by the 

present inventors is the intervention, at the molecular level, in 
the events involved in the tumorigenesis of Some cancers. 
Specifically, the present inventors intend to provide, to a 
cancer cell, an expression cassette capable of providing Fus1, 
101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
or SEM A3 to that cell. The lengthy discussion of expression 
vectors and the genetic elements employed therein is incor 
porated into this section by reference. Particularly preferred 
expression vectors are viral vectors such as adenovirus, 
adeno-associated virus, herpesvirus, vaccinia virus and ret 
rovirus. Also preferred is liposomally-encapsulated expres 
sion vector. 

Various routes are contemplated for various tumor types. 
The section below on routes contains an extensive list of 
possible routes. For practically any tumor, systemic delivery 
is contemplated. This will prove especially important for 
attacking microscopic or metastatic cancer. Where discrete 
tumor mass may be identified, a variety of direct, local and 
regional approaches may be taken. For example, the tumor 
may be directly injected with the expression vector. A tumor 
bed may be treated prior to, during or after resection. Follow 
ing resection, one generally will deliver the vector by a cath 
eter left in place following surgery. One may utilize the tumor 
vasculature to introduce the vector into the tumor by injecting 
a Supporting vein or artery. A more distal blood Supply route 
also may be utilized. 

In a different embodiment, ex vivo genetherapy is contem 
plated. This approach is particularly Suited, although not lim 
ited, to treatment of bone marrow associated cancers. In an ex 
vivo embodiment, cells from the patient are removed and 
maintained outside the body for at least some period of time. 
During this period, atherapy is delivered, after which the cells 
are reintroduced into the patient; hopefully, any tumor cells in 
the sample have been killed. 

2. Protein Therapy 
Another therapy approach is the provision, to a subject, of 

Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 
123F2, or SEM A3 polypeptide, active fragments, synthetic 
peptides, mimetics or other analogs thereof. The protein may 

ABA BAB BBA 
AB, AB ABBA BiBAA BABA BAAB BBBA 
BAAA ABAA AABA ABBB 

AABB 
AAAB 

be produced by recombinant expression means or, if Small 
enough, generated by an automated peptide synthesizer. For 
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3. Combined Therapy with Immunotherapy, Traditional 

Chemo- or Radiotherapy 
Tumor cell resistance to DNA damaging agents represents 

a major problem in clinical oncology. One goal of current 
cancer research is to find ways to improve the efficacy of 
chemo- and radiotherapy. One way is by combining Such 
traditional therapies with gene therapy. For example, the her 
pes simplex-thymidine kinase (HS-tk) gene, when delivered 
to brain tumors by a retroviral vector System, successfully 
induced Susceptibility to the antiviral agent ganciclovir (Cul 
ver et al., 1992). In the context of the present invention, it is 
contemplated that Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 replacement therapy 
could be used similarly in conjunction with chemo- or radio 
therapeutic intervention. It also may prove effective to com 
bine Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, 
PL6, 123F2, or SEM A3 gene therapy with immunotherapy, 
as described above. 
To kill cells, inhibit cell growth, inhibit metastasis, inhibit 

angiogenesis or otherwise reverse or reduce the malignant 
phenotype of tumor cells, using the methods and composi 
tions of the present invention, one would generally contact a 
“target” cell with a Fus1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 expression construct 
and at least one other agent. These compositions would be 
provided in a combined amount effective to kill or inhibit 
proliferation of the cell. This process may involve contacting 
the cells with the expression construct and the agent(s) or 
factor(s) at the same time. This may be achieved by contact 
ing the cell with a single composition or pharmacological 
formulation that includes both agents, or by contacting the 
cell with two distinct compositions or formulations, at the 
same time, wherein one composition includes the expression 
construct and the other includes the agent. 

Alternatively, the gene therapy treatment may precede or 
follow the other agent treatment by intervals ranging from 
minutes to weeks. In embodiments where the other agent and 
expression construct are applied separately to the cell, one 
would generally ensure that a significant period of time did 
not expire between the time of each delivery, such that the 
agent and expression construct would still be able to exert an 
advantageously combined effect on the cell. In Such 
instances, it is contemplated that one would contact the cell 
with both modalities within about 12-24 hours of each other 
and, more preferably, within about 6-12 hours of each other, 
with a delay time of only about 12 hours being most preferred. 
In some situations, it may be desirable to extend the time 
period for treatment significantly, however, where several 
days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 
8) lapse between the respective administrations. 

It also is conceivable that more than one administration of 
either Fus 1, 101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, 
PL6, 123F2, or SEM A3 or the other agent will be desired. 
Various combinations may be employed, where Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM 
A3 is “A” and the other agent is “B”, as exemplified below: 

AAB BAA ABB BBBA BB, AB 

B.A.B.B. B.BAB 

Other combinations are contemplated. Again, to achieve cell 
killing, both agents are delivered to a cell in a combined 

mulations would be selected based on the route of adminis- is amount effective to kill the cell. 
tration and purpose including, but not limited to, liposomal 
formulations and classic pharmaceutical preparations. 

Agents or factors suitable for use in a combined therapy are 
any chemical compound or treatment method that induces 
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DNA damage when applied to a cell. Such agents and factors 
include radiation and waves that induce DNA damage Such 
as, Y-irradiation, X-rays, accelerated protons, UV-irradiation, 
microwaves, electronic emissions, and the like. A variety of 
chemical compounds, also described as “chemotherapeutic 
agents function to induce DNA damage, all of which are 
intended to be of use in the combined treatment methods 
disclosed herein. Chemotherapeutic agents contemplated to 
be of use, include, e.g., cisplatin (CDDP), carboplatin, pro 
carbazine, mechlorethamine, cyclophosphamide, camptoth 
ecin, ifosfamide, melphalan, chlorambucil, buSulfan, nitro 
Surea, dactinomycin, daunorubicin, doxorubicin, bleomycin, 
plicomycin, mitomycin, etoposide (VP16), tarnoxifen, ralox 
ifene, estrogen receptor binding agents, taxol, gemcitabien, 
navelbine, farnesyl-protein transferase inhibitors, transplati 
num, 5-fluorouracil, Vincristin, vinblastin and methotrexate 
and even hydrogen peroxide. The invention also encompasses 
the use of a combination of one or more DNA damaging 
agents, whether radiation-based or actual compounds, such as 
the use of X-rays with cisplatin or the use of cisplatin with 
etoposide. In certain embodiments, the use of cisplatin in 
combination with a Fus 1, 101F6, Gene 21, Gene 26, Beta, 
Luca1, Luca2, PL6, 123F2, or SEM A3 expression construct 
is particularly preferred as this compound. 

In treating cancer according to the invention, one would 
contact the tumor cells with Ian agent in addition to the 
expression construct. This may be achieved by irradiating the 
localized tumor site with radiation Such as X-rays, acceler 
ated protons, UV-light, Y-rays or even microwaves. Alterna 
tively, the tumor cells may be contacted with the agent by 
administering to the subject a therapeutically effective 
amount of a pharmaceutical composition comprising a com 
pound such as, adriamycin, 5-fluorouracil, etoposide, camp 
tothecin, actinomycin-D, mitomycin C, or more preferably, 
cisplatin. The agent may be prepared and used as a combined 
therapeutic composition, or kit, by combining it with a Fus1, 
101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
or SEM A3 expression construct, as described above. 

Agents that directly cross-link nucleic acids, specifically 
DNA, are envisaged to facilitate DNA damage leading to a 
synergistic, antineoplastic combination with Fus 1, 101F6, 
Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, or SEM 
A3. Agents such as cisplatin, and other DNA alkylating 
agents may be used. Cisplatin has been widely used to treat 
cancer, with efficacious doses used in clinical applications of 
20 mg/m for 5 days every three weeks for a total of three 
courses. Cisplatin is not absorbed orally and must therefore 
be delivered via injection intravenously, Subcutaneously, 
intratumorally or intraperitoneally. 

Agents that damage DNA also include compounds that 
interfere with DNA replication, mitosis and chromosomal 
segregation. Such chemotherapeutic compounds include 
adriamycin, also known as doxorubicin, etoposide, Vera 
pamil, podophyllotoxin, and the like. Widely used in a clini 
cal setting for the treatment of neoplasms, these compounds 
are administered through bolus injections intravenously at 
doses ranging from 25-75 mg/m at 21 day intervals for adria 
mycin, to 35-50 mg/m foretoposide intravenously or double 
the intravenous dose orally. 

Agents that disrupt the synthesis and fidelity of nucleic 
acid precursors and subunits also lead to DNA damage. As 
Such a number of nucleic acid precursors have been devel 
oped. Particularly useful are agents that have undergone 
extensive testing and are readily available. As such, agents 
such as 5-fluorouracil (5-FU), are preferentially used by neo 
plastic tissue, making this agent particularly useful for target 
ing to neoplastic cells. Although quite toxic, 5-FU, is appli 
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cable in a wide range of carriers, including topical, however 
intravenous administration with doses ranging from 3 to 15 
mg/kg/day being commonly used. 

Other factors that cause DNA damage and have been used 
extensively include what are commonly known as Y-rays, 
X-rays, accelerated protons, and/or the directed delivery of 
radioisotopes to tumor cells. Other forms of DNA damaging 
factors are also contemplated Such as microwaves, and UV 
irradiation. It is most likely that all of these factors effect a 
broad range of damage DNA, on the precursors of DNA, the 
replication and repair of DNA, and the assembly and main 
tenance of chromosomes. Dosage ranges for X-rays range 
from daily doses of 50 to 200 roentgens for prolonged periods 
of time (3 to 4 weeks), to single doses of 2000 to 6000 
roentgens. Dosage ranges for radioisotopes vary widely, and 
depend on the half-life of the isotope, the strength and type of 
radiation emitted, and the uptake by the neoplastic cells. 
The skilled artisan is directed to “Remington’s Pharmaceu 

tical Sciences' 15th Edition, chapter 33, in particular pages 
624-652. Some variation in dosage will necessarily occur 
depending on the condition of the Subject being treated. The 
person responsible for administration will, in any event, 
determine the appropriate dose for the individual subject. 
Moreover, for human administration, preparations should 
meet Sterility, pyrogenicity, general safety and purity stan 
dards as required by FDA Office of Biologics Standards. 
The inventors propose that the regional delivery of Fus 1, 

101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
or SEM A3 expression constructs to patients with 3p21.3- 
linked cancers will be a very efficient method for delivering a 
therapeutically effective gene to counteract the clinical dis 
ease. Similarly, the chemo- or radiotherapy may be directed to 
a particular, affected region of the Subjects body. Alterna 
tively, systemic delivery of expression construct and/or the 
agent may be appropriate in certain circumstances, for 
example, where extensive metastasis has occurred. 

In addition to combining Fus 1, 101F6, Gene 21, Gene 26, 
Beta, Luca1, Luca2, PL6, 123F2, or SEMA3-targeted thera 
pies with chemo- and radiotherapies, it also is contemplated 
that combination with other gene therapies will be advanta 
geous. For example, targeting of Fus 1, 101F6, Gene 21, Gene 
26, Beta, Luca1, Luca2, PL6, 123F2, or SEMA3 and p53 or 
p16 mutations at the same time may produce an improved 
anti-cancer treatment. Any other tumor-related gene conceiv 
ably can be targeted in this manner, for example, p21, Rb, 
APC, DCC, NF-1, NF-2, BCRA2, p 16, FHIT, WT-1, MEN-I, 
MEN-II, BRCA1, VHL, FCC, MCC, ras, myc, neu, raf, erb, 
Src, fms, jun, trk, ret, gsp, hst, bcland abl. 

It also should be pointed out that any of the foregoing 
therapies may prove useful by themselves in treating a Fus 1. 
101F6, Gene 21, Gene 26, Beta, Luca1, Luca2, PL6, 123F2, 
or SEM A3-related disorder. In this regard, reference to che 
motherapeutics and non-Fus 1, 101F6, Gene 21, Gene 26, 
Beta, Luca1, Luca2, PL6, 123F2, or SEM A3 gene therapy 
in combination should also be read as a contemplation that 
these approaches may be employed separately. 

4. Formulations and Routes for Administration to Patients 
Where clinical applications are contemplated, it will be 

necessary to prepare pharmaceutical compositions—expres 
sion vectors, virus Stocks, proteins, antibodies and drugs—in 
a form appropriate for the intended application. Generally, 
this will entail preparing compositions that are essentially 
free of pyrogens, as well as other impurities that could be 
harmful to humans or animals. 
One will generally desire to employ appropriate salts and 

buffers to render delivery vectors stable and allow for uptake 
by target cells. Buffers also will be employed when recom 
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binant cells are introduced into a patient. Aqueous composi 
tions of the present invention comprise an effective amount of 
the vector to cells, dissolved or dispersed in a pharmaceuti 
cally acceptable carrier or aqueous medium. Such composi 
tions also are referred to as inocula. The phrase “pharmaceu 
tically or pharmacologically acceptable' refer to molecular 
entities and compositions that do not produce adverse, aller 
gic, or other untoward reactions when administered to an 
animal or a human. As used herein, "pharmaceutically 
acceptable carrier includes any and all solvents, dispersion 
media, coatings, antibacterial and antifungal agents, isotonic 
and absorption delaying agents and the like. The use of Such 
media and agents for pharmaceutically active Substances is 
well know in the art. Except insofar as any conventional 
media or agent is incompatible with the vectors or cells of the 
present invention, its use in therapeutic compositions is con 
templated. Supplementary active ingredients also can be 
incorporated into the compositions. 
The active compositions of the present invention may 

include classic pharmaceutical preparations. Administration 
of these compositions according to the present invention will 
be via any common route so long as the target tissue is 
available via that route. This includes oral, nasal, buccal, 
rectal, vaginal or topical. Alternatively, administration may 
be by orthotopic, intradermal, Subcutaneous, intramuscular, 
intraperitoneal or intravenous injection. Such compositions 
would normally be administered as pharmaceutically accept 
able compositions. Upon formulation, solutions will be 
administered in a manner compatible with the dosage formu 
lation and in Such amount as is therapeutically effective. 

EXAMPLES 

The following examples are included to demonstrate pre 
ferred embodiments of the invention. It should be appreciated 
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would be achieved. All such similar substitutes and modifi 
cations apparent to those skilled in the art are deemed to be 
within the spirit, scope and concept of the invention as defined 
by the appended claims. 

Example 1 

Identification of 3p Genes in 3p21.3 Critical Region 
and Isolation of cDNA of 3p Genes 

The 3p tumor suppressor region was identified by allelo 
typing designed to search for areas of LOH in matched tumor/ 
normal tissue pairs, and examine uncommon examples of 
homozygous deletions (FIG. 4). The most frequently 
involved region showing allele loss in lung cancer was 
mapped to the 3p21.3 region. Furthermore, multiple overlap 
ping homozygous deletions have been found in the 3p21.3 
chromosome region in SCLC lines H740 and H1450, which 
narrowed down the search for the tumor Suppressor genes 
flanking about 750 kb in 3p21.3 region. Nine genes, Fus 1, 
101F6, NPRL2 (Gene 21), CACNA2D2(Gene 26), HYAL1 
(Luca 1), HYAL2 (Luca 2), PL6, 123F2, and Beta, were 
either disrupted or immediately flanking a 35 kb homozygous 
deletion found in the 3p21.3 region. SEMA3 is also present in 
the 3p21.3 region. The cDNAs of these genes were isolated 
and cloned, and mutations in these genes were determined in 
various tumor and tumor cell lines by single strand confor 
mation polymorphism (SSCP) and DNA sequencing analysis 
(Table 4). Some of the cDNA clones showed 50% amino acid 
homologies to known genes in the GeneBank, some demon 
strated complete DNA sequence homology to random 
sequence tagged sites in the GeneBank, and one gene, Beta, 
was previously unknown (Table 4). 

TABLE 4 

Genes Identified in the 125 kb 3p21.3 Critical Region and Status of Their 
cDNA Sequencing and Mutation Analysis 

Gene 

CACNA2D2 (Gene 26) 
PL6 
101F6 

NPRL2 (Gene 21) 

Beta (BLU) 
123F2 (RASSF1) 
FUS-1 
HYAL2 (LUCA-2) 
HYAL1 (LUCA-1) 

GenBAnk CDNA Sequence (bp) Mutation Analysis 
Number (aa) (Numbers) Mutations** 

AF040709 5,482 bp (1,205 aa) Yes (60) Ole 
UO9584 1,860 bp (351 aa) Yes (38) Ole 
AFO4O709 1,117 bp (222 aa) Yes (38) Ole 
AF040707, 1,696 bp (203 aa) Yes (38) 1 stop 
AFO4O708 
Ole 1,739 bp (440aa) Yes (61) 3 missense 
AFO4O703 1,502 bp (431 aa) Yes (37) Ole 
AFOSS479 1,696 bp (161 aa) Yes (79) 2 stop 
UO9577 1,783 bp (473 aa) Yes (40) Ole 
UO3056 2,565 bp (435 aa) Yes (40) 2 missense 

The predicted amino acid sequence homologies to other known genes include: CACNA2D2 (Gene 26), voltage gated Ca2+ 
channel alpha 2 delta regulatory subunit; NPRL2 (Gene 21), nitrogen permease regulator; 123F2, Maxpl/Norel homologue 
of a Ras binding protein; HYAL2 (LUCA-2) and HYAL1 (LUCA-1), a family of hyaluronidases, 
*Only mutations altering the amio acid sequence are shown. In addition, polymorphisms found in more than one tumor and 

that did not alter the amino acid sequence are not given, 

by those of skilled the art that the techniques disclosed in the 
examples which follow represent techniques discovered by 
the inventor to function well in the practice of the invention, 
and thus can be considered to constitute preferred modes for 
its practice. However, those of skill in the art should, in light 
of the present disclosure, appreciate that many changes can be 
made in the specific embodiments which are disclosed and 
still obtain a like or similar result without departing from the 
concept, spirit and scope of the invention. More specifically, 
it will be apparent that certain agents which are both chemi 
cally and physiologically related may be substituted for the 
agents described herein while the same or similar results 
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Example 2 

Construction of Recombinant Adenoviral Vectors of 
3p Genes 

Adenoviral vectors have been widely used for gene deliv 
ery in vitro, in animal models, preclinical research, and 
human clinical gene therapy trials. The high efficiency of 
transduction and high-level expression of transgenes medi 
ated by adenovirus vectors in various cell types are reasons 
why the recombinant adenoviral vectors expressing the 3p 
genes (Ad-3ps) are effective tools for introduction of the 
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functional wild-type 3p genes into tumors or tumor cell lines 
with abnormalities of 3p or 3p genes. 

Recombinant adenoviral vectors of 3p21 genes, including 
Gene21, Fus 1, 101F6, Gene 26, 123F2S, Luca1, and Beta, 
have been constructed using the inventors recently devel 
oped ligation-mediated plasmid-adenovirus vector construc 
tion system, p.Ad-RAP and p Ad-RAP-Shuttle. The inventors 
have Successfully and rapidly constructed recombinant aden 
Oviral vectors for all ten genes in the 3p21.3 region and many 
other recombinant vectors using this system. Recombinant 
Ad-3ps can efficiently deliver 3p genes into and express them 
in various cell types in vitro by directly infecting target cells 
and in vivo by intravenous or local injection of vectors. The 
relative genomic locations of the tumor Suppressor 3p21.3 
genes in chromosome 3p and the structure of the recombinant 
adenoviral vectors of 3p genes are schematically demon 
strated (FIG. 5). 
The inventors have developed a novel ligation-mediated 

plasmid-adenovirus vector construction system, named pAd 
RAP and p Ad-RAP-Shuttle. This system can be used to rap 
idly construct recombinant adenovirus-containing plasmids 
in bacterial Escherichia coli, and then successfully produce 
homogeneous adenovirus in mammalian host 293 cells (FIG. 
1). In this system, the transgene (X) is first placed in a plasmid 
shuttle vector, p Ad-RAP-Shuttle, containing the adenoviral 
inverted repeated terminal (IRT) sequence, an expression cas 
sette of a cytomegalovirus (CMV) promoter and bovine 
growth hormone (BGH) poly (A) signal sequence, and two 
unique restriction sites BstBI and ClaI at the 5' and 3' ends of 
the IRT-CMV-multiple cloning sites-BGH sequence, respec 
tively. The BstBI/ClaI-released DNA fragment containing 
IRT-CMV-X-BGH is then inserted into an adenoviral plasmid 
vector, p Ad-RAP, which contains a complete E1 and E3-de 
leted adenovirus type 5 genome and three unique restriction 
sites (PacI, BstBI, and ClaI), by in vitro ligation using BstBI 
and Clal sites. After transformation into Escherichia coli, 
90% of the transformants have the correct insert. Finally, 
PacI/BstBI digestion of the resulting plasmid allows release 
of the entire adenovirus genome-containing the 3p gene. The 
recombinant Ad-X DNA is then transfected into 293 cells, 
resulting in a homogeneous population of recombinant Ad-X. 
Other promoters, poly A sequences, and restriction sites can 
be used. This system can be used to rapidly construct a recom 
binant adenovirus within 2-4 weeks. By comparison, the con 
ventional methods, such as that using homologous recombi 
nation in mammalian cells, will usually take 3-12 months. 

In case of failure to produce a specific recombinant Aden 
ovirus due to the possible cytotoxicity of the transgenes in the 
host 293 cells, a similar system named pad-RAP-TetR-Off 
and pAd-RAP-TRE-CMV-Shuttle, as demonstrated in FIG. 
2, with tetracycline regulatory elements (TRE) that can turn 
off transgene expression in the presence of tetracycline has 
been developed and can be used for the production of such 
VectOrS. 

The Ad-CMV-GFP (Ad-GFP) and Ad-CMV-Lacz vectors 
were used to monitor transduction efficiency by the viral 
vectors and as nonspecific transgene expression controls. 
Ad-E1-(Ad-EV), an empty El-vector, is used as a negative 
control. Viral titers were determined by both optical density 
measurement and plaque assay. Potential contamination of 
the viral preparation by the wild-type virus was monitored by 
polymerase chain reaction (PCR) analysis. Sequences of 3p 
genes in the viral vectors were confirmed by automated DNA 
sequencing. The resulting Ad-3ps are named, Ad-101F6, Ad 
Gene26, Ad-Gene21, Ad-Fus 1, Ad-PL6, Ad-Luca1, 
Ad-Luca2, Ad-123F2S, Ad-Beta, and Ad-SEM A3, respec 
tively. 
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Example 3 

Preparation of PAD3ps 

The preparation of protamine-adenovirus (PAD) com 
plexes and enhancement of transduction efficiency by PADs 
in vitro and in vivo have been reported''. The protamine 
adenovirus complexes were prepared by simply mixing 
1x10" viral particles with 50 g of protamine sulfate (10 
mg/ml). The complexes were incubated for 10 min at room 
temperature, and then the complexed adenovirus were diluted 
in an appropriate volume of PBS for designated in vitro or in 
Vivo experiments. 

Example 4 

Preparations of LDC3ps and LPD3ps 

The liposome (DOTAP:Cholesterol) (LDC), plasmid 
DNA, and LDC-3p DNA complexes (LDC3ps) were pre 
pared as described by Templeten et al.'”. LDC3ps were for 
mulated as 80 nmol liposome: 50 lug DNA in 5% Dextral 
water (D5W) at a total volume of 100 ul for intravenous 
injection to one mouse. Liposome (DOTAP:Cholesterol): 
Protamine:DNA (LPD) were prepared based on the method 
of Hung. 

Example 5 

Effects of Overexpression of 3p Genes on Tumor 
Cell Growth 

To study biological function of new tumor suppressor 
genes, experiments are conventionally performed in tumor 
cell lines either transiently or stably transfected by wild type 
gene-expressing plasmids. The Ad-3p vectors can offer sev 
eral advantages over plasmids for 3p gene delivery in vitro 
and in Vivo: 1) high efficiency (>80%) of transduction and 
high level of 3p gene expression can be easily achieved in a 
wide spectrum of cell types by simply adjusting the multi 
plicity of infection (MOI) of viral particles to target cells, 
consequently, the Ad-3ps can be used to evaluate effects of 3p 
genes as a individual or as a whole region 2) Ad-3ps-trans 
duction can be directly applied to tumor cells to study their 
effect on tumorigenicity in animals without selection of sta 
bly transduced colonies, by which problems associated with 
colony selection process and unknown effectors or factors 
generated in resulting cell colonies can be avoided; and 3) 
Ad-3ps can be directly used to evaluate the role of 3p genes as 
a tumor Suppressor gene region in vivo by either intravenous 
or intratumoral injection of animals with the individual or 
combined Ad-3p vectors. 
The biological function of these newly isolated 3p genes is 

characterized in this invention by liposome- and recombinant 
adenoviral vector-mediated gene transfer both in vitro and in 
vivo. Human lung cancer cell lines (H1299, H358, H460, and 
A549), with varied status of chromosome 3p or individual 3p 
genes and a normal human bronchial epithelial cell (HBEC) 
line were used to evaluate the effects of 3p genes on cell 
growth arrest, proliferation, apoptosis, and cell cycle kinetics 
in vitro and on growth of the primary and metastatic tumors in 
animal models. 
To test the hypothesis that the 3p genes function as tumor 

Suppressors in vitro, the inventors performed a series of 
experiments to study the effects of overexpression of the 3p 
genes on cell proliferation in various human non-small cell 
lung cancer cells and a normal human bronchial epithelial cell 
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line (HBEC) varying in status of 3p chromosomal structure or 
genes and gene products (Table 5) by liposome- or adenoviral 
vector-mediated 3p gene transfer. One of these lines is 
H1299, a NSCLC cell line that contains an internal homozy 
gous deletion of p53, and has no normal copy of chromosome 
3 with LOH of 3p alleles and has very high levels of telom 
erase expression and activity. A549, is a lung carcinoma cell 
line that contains wild-type p53 with abnormal 3p alleles; 
H358 is a lung cancer cell line that contains wild-type p53 
with two 3p alleles; and H460 is, a lung cancer cell line that 
contains wild-type p53 with loss of noe allele of the 3p21.3 
region (Table 5). Normal HBECs or fibroblast cells (Clonet 
ics Inc., Walkersville, Md.) were also used to evaluate the 
general toxicity of the 3p genes and Ad-3ps. The 293 cell line 
was used in the construction, amplification, and titration of 
adenoviral vectors. The cells were maintained in Dulbecco's 
Modified Eagle Medium (DMEM) containing 4.5 g/l of glu 
cose with 10% FBS. 

TABLE 5 

Status of 3p Genes in Human Lung Cancer Cell 
Lines and Normal HBEC 

Cell Line Origin 3p Genes P53 TERT 

H1299 Lung, large LOH Deletion High Activity 
A549 NSCL LOH WT Active 
H460 Lung, Large LOH WT Active 
H358 NSCL WT Deletion Active 
HBEC Bronchial Epithelia Normal Normal undetected 

Abbreviation: HBEC, human bronchial epithelia cell, NSCL, non-small cell lung cancer, 
LOH, loss of heterozygosity, WT, wild type. 

The Ad-3p vectors, protamine-Ad-3p complexes (PAD3 
ps) or liposome (DOTAP)-3p plasmid DNA complexes 
(LPD3ps) developed in this invention can be used to deliver 
3p genes efficiently to the tumor cells in vitro by direct trans 
duction and to the primary and distant lung or other metastatic 
tumor sites in vivo by Systemic administration. The sponta 
neous or experimental pulmonary metastasis models of 
human lung cancers H1299 and A549, as well as other can 
cers, can be used to study the effects of 3p genes on tumor 
progression and metastasis by Systemic treatment of lung 
metastatic tumors in mice through intravenous injection of 
either PAD3p or LPD3p complexes. 

In experiments with liposome-mediated 3p gene transfer in 
H1299 cells, six genes out of the nine, Fus 1, 101F6, Luca1, 
123F2S, Beta, and Gene 21, demonstrated varied degrees 
(20-65%) of cell growth inhibition in H1299 transfectants 
after 48 hr of transfection, compared to untransfected and 
empty CMV vector-transfected controls. Three other genes 
Gene 26, PL6, and Luca 2 showed no significant effects on 
H1299 cell growth under the same experimental condition 
(Table 6). The observed inhibitory effect of Fus1, Beta, 
123F2S, and Gene 21 on H1299 cell growth were comparable 
to that of highly cytotoxic gene Bakunder the same experi 
ment conditions (Table 6). The three other genes Gene 26, 
PL6, and Luca 2 showed no significant effects on H1299 cell 
growth under the same experimental conditions. Varied 
degrees (10-40%) of induction of apoptosis and altered cell 
cycle kinetics (changes of cell populations at G0, G1 and S 
phases) were observed in H1299 cells transfected with plas 
mids containing genes Fus 1, 101F6, 123F2S, Luca, and 
Beta by FACS analysis with TUNEL reaction and PI stain 
1ng. 
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TABLE 6 

Effects of DOTAP-mediated 3p Gene Expression on 
Growth of H1299 Cells (48 h. 

Data from MDACC 
(Transfection) 

(% Cell Viability + STDEV) 

Data from UTSMC 
(Colony Formation). 

(% Cell Viability + STDEV) 

PBS 1OO ND 
CMV-EV 859.5 100 
GFP 8472 ND 
Bak 545.1 ND 
101F6 763.5 52 10.0 
Fus1 78.2.1 49 - 14.O 
Gene 21 45 - 6.5 83.7 17.7 
Gene 26 88: 12.5 40 OOO 
Luca 1 81 2.8 66 27.2 
Luca 2 1OO 9.8 80 - 27.6 
PL6 1OO 13.6 9553.8 
123F2S 673.8 58, O.O 
Beta 35 2.3 518.5 

Data from colony formation assay in 3p gene-expressing plasmid DNA-tranfected cells, 
relative to that of empty plasmid-transfected cells. 
ND, undetermined; 
STDEV, standard deviation from the mean of the repeated experiments. 

Effects of 3p genes on tumor cell growth were further 
characterized by recombinant-adenoviral vector-mediated 3p 
gene transfer in various lung cancer cell lines and a normal 
HBEC line. To test the specificity of the observed inhibitory 
effects of 101F6, Fus 1, and overexpression on tumor cell 
proliferation and the potential cytotoxicity of the overex 
pressed 3p genes, the inventors analyzed the effect of these 3p 
genes on cell proliferation in Ad-3p-transduced wild type 
3p-containing H358 cells and normal HBEC cells (FIG. 6). 
Cells in each line were transduced in vitro by Ad-101F6, 
Ad-fus 1 and Ad-Gene21 vectors administered at various mul 
tiplicity of infections (MOIs) in viral particles/cell (vp/c); 
cells treated with PBS were used as mock, empty vector 
Ad-EV as negative, Ad-Lac Zas nonspecific, and Ad-p53 as 
positive controls, respectively. A less than 10% loss of cell 
viability in Ad-3p-transduced HBEC and a less than 20% loss 
in H358 cells at various MOIs, were observed when com 
pared with that in untransduced control cells. Similar losses 
were also observed in Ad-EV- and Ad-Lac7 transduced cells 
and slightly higher loses in Ad-p53-transduced cells through 
out the posttransduction time course, Suggesting that no gen 
eralized cytotoxicity was associated with overexpression of 
these 3p genes. The transduction efficiency was determined 
by examining the GFP-expressing cells in the Ad-GFP trans 
duced cell population under a fluorescence microscope. 
The transduction efficiency of the adenoviral vectors was 

greater than 80% at the highest MOI applied for each cell line. 
Cell proliferation was analyzed by determining the viability 
of cells at 1, 3 and 5 days posttransduction, respectively. Cell 
viability was significantly reduced in Ad-101F6, Ad-Fus1, 
and Ad-Gene21 transduced A549 and H460 cells which 
exhibit LOH in 3p region but contain wild-type p53 and 
H1299 cells which contains homozygous deletions of 3p 
region and p53 (FIG. 6). In all cases, the viability of trans 
duced cells was compared with that of untransduced (PBS 
treated) control cells (whose viability was set at 100%). 
The overexpression of 3p genes in these Ad-3p transfec 

tants was verified by a quantitative Real Time RT-PCR, and 
known concentrations of human total RNA, primers, and 
TaqMan probes for B-actin DNA were used as standards and 
as a internal control (FIG. 7). TaqMan probes and primers of 
3p genes were designed using a Primerexpress Software (Per 
kin Elmer Applied Biosystems, Foster City, Calif.). Human 
genomic DNA or total RNAs were used as template standards 
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and human f3-actin or glyceraldehyde-3-phosphate dehydro 
genase (GAPDH) TaqMan probes and primers as controls. 
Total RNA was isolated from Ad-3p transduced tumor cells or 
tumor specimen using TRIZOL. Real time RT-PCR and quan 
tification of RT-PCR products were performed and analyzed 
using a TaqMan Gold RT-PCR Kit, an ABI Prism 7700 
Sequence Detection System and equipped software. These 
results show that overexpression of these 3p genes can inhibit 
tumor cell growth in vitro. 

Example 6 

Effects of 3p Genes on Tumor Cell Growth and 
Proliferation 

To test whether the growth properties of various lung can 
cer cells with abnormalities of 3p or 3p genes could be altered 
by the introduction of wild-type 3p genes, cell viability in 
Ad-3p-transduced tumor cells at varied MOIs at designated 
posttransduction time intervals are assayed by XTT staining 
as described previously,' and the untransduced and Ad-EV-, 
Ad-GFP-, or Ad-Lac7-transduced cells were used as con 
trols. Each experiment was repeated at least three times, with 
each treatment given in duplicate or triplicate. Proliferation of 
the Ad-3p-transduced cells were analyzed by an immunof 
luorescence-enzyme-linked immunosorbent assay for incor 
poration of bromodeoxyuridine (BrdU) into cellular. Ad-3p 
transduced normal HBECs were used to evaluate the possible 
general toxicity of the 3p genes and Ad-3ps in vitro. Tran 
Scription and expression of 3p genes in Ad-3p-transduced 
cells were examined by reverse transcriptase-polymerase 
chain reaction or Northern- and Western-blot analysis with 
anti-3p protein polyclonal antibodies. 

Example 7 

Western Blot Analysis of Expression of 3p Genes in 
Ad-3p-Transduced Cells 

Expression of 3p genes in Ad-3p-transduced cells was 
analysed by Western blot, using polyclonal antibodies against 
polypeptides derived from predicted 3pamino acid sequences 
or monoclonal antibodies against c-myc of FLAG tags in 3p 
fusion proteins. Cells grown in 60mm-dishes (1-5x10/well) 
were treated with Ad-3ps, and PBS alone was used as a 
control. Proteins were separated by SDS-PAGE. Each lane 
was loaded with about 60 ug cell lysate protein and electro 
phoresed at 100 V for 1-2 h. Proteins were then transferred 
from gels to Hybond-ECLTM membranes. Membranes were 
blocked in blocking solution (3% dry milk, 0.1% Tween 20 in 
PBS) for 1 h at room temperature. Membranes were then 
incubated with 1:1000 dilution of rabbit anti-human 3p pep 
tides or anti-myc or FLAG monoclonal antibodies, and 
1:1000 dilution of mouse anti-B-actin monoclonal antibodies. 
Immunocomplexes were detected with secondary HRP-la 
beled rabbit anti-mouse IgG or goat anti-rabit IgG antibodies 
using an ECLTM kit (Amersham International). 

Example 8 

Induction of Apoptosis by 3p Genes in 
Ad-3p-Transduced Tumor Cells 

The ability of exogenous 3p genes to induce apoptosis and 
their impact on cell-cycle processes in the Ad-3p-transduced 
H1299, A549, H460, H358, and HBEC cells were analyzed 
by FACS using the terminal deoxynucleotidyl transferase 
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mediated duTP nick end labeling (TUNEL) reaction (FIG. 
8). Induction of apoptosis was detected in Ad-3p-transduced 
H1299 (FIG.8A), A549 (FIG.8B), and H460 (FIG.8C) cells, 
but not in H358 (FIG.8D) and HBEC (FIG. 8E) cells. More 
than 15-20%, 40-65%, and 75% of cells were apoptotic at day 
5 after transduction with Ad-101F6, Ad-Fus 1, and 
Ad-Gene21 in the transduced H1299, A549, and H460 cells, 
respectively, whereas only about 7% and 10% of cells treated 
with PBS alone and transduced with Ad-EV vector, respec 
tively, were TUNEL-positive at the same time periods. The 
level of induction of apoptosis in the Ad-3p-transduced cells 
increased with time posttransduction and correlated with the 
viability of cells (FIG. 6). The inhibition of tumor cell prolif 
eration by 3p genes are mediated directly or indirectly 
through induction of apoptosis. 

Example 9 

Induction of Apoptosis and Alteration of Cell Cycle 
Kinetics Ad-3p-Transduced Cells 

Inhibition of tumor cell growth and proliferation by tumor 
Suppressor genes is usually characterized by induction of 
apoptosis and alteration of cell cycle processes. Thus, 3p 
gene-induced apoptosis and cell cycle kinetics were analyzed 
by flow cytometry using the terminal deoxy transferase deox 
yuridine triphosphate (dUTP) nick-end labelling (TUNEL) 
reaction with fluorescein isothiocyanate-labeled duTP 
(Roche Molecular Biochemicals) and propidium iodide 
staining, respectively. In brief, cells (1x10/well) are seeded 
on six-well plates and transduced with Ad-3p constructs; 
untreated and Ad-EV-, Ad-GFP-, or Ad-Lac Z-transduced 
cells were used as controls. Cells were harvested at desig 
nated posttransduction times and then analyzed for DNA 
fragmentation and apoptosis by TUNEL reaction and for 
DNA content and cell cycle status by propidium iodide stain 
ing using flow cytometry, respectively, as described previ 
ously. The cell-cycle profiles in the Ad-101F6, Ad-Fus 1, and 
Ad-Gene21-transduced cells appeared to be significantly 
affected by overexpression of these genes at later G2 and S 
phases stages compared to those in the untransduced and 
Ad-EV-transduced controls at 3 days posttransduction (FIG. 
9). 

Example 10 

Suppression of Tumor Growth by Overexpression of 
3p Genes In Vivo 

The tumor suppressor function of 3p genes, 101F6, Fus 1, 
and Gene21 were evaluated in vivo by direct intratumoral 
injection of these Ad-3p vectors into the A549 subcutaneous 
tumors in nude mice (FIG. 10). The growth of tumors was 
recorded from first injection until 20 days after last injection. 
All of the tumors in the mice treated with Ad-101F6, Ad 
FuS1, and Ad-Gene21 showed significantly Suppressed 
growth compared with tumors. 

Example 11 

Effects of 3p Gene Expression on Tumorigenicity 
and Tumor Growth. In Vivo 

For the tumorigenicity study, H1299 or A549 cells were 
transduced in vitro with Ad-3p at an appropriate MOI with 
phosphate-buffered saline (PBS) alone as a mock control, 
Ad-EV as a negative control, and Ad-Lacz as a nonspecific 
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control. The transduced cells were harvested at 24 hand 48 h. 
posttransduction, respectively. The viability of the cells was 
determined by trypan blue exclusion staining. Viable cells 
(1x10) were then injected subcutaneously into the right flank 
of 6- to 8-week-old female nude mice. Tumor formation in 
mice was observed two or three times weekly for up to 3 
months. Tumor dimensions were measured every 2 or 3 days. 

To study the effect of 3p genes on tumor growth, H1299 or 
A549 cells were used to establish subcutaneous tumors in 
nude mice. Briefly, 1x10" cells were injected into the right 
flank of 6- to 8-week-old female nude mice. When the tumors 
reached 5 to 10 mm in diameter (at about 2 weeks postinjec 
tion), the animals were intratumorally injected with Ad-3p 
and control vectors, respectively, 4 to 5 times within 10 to 12 
days for at a total dose of 3 to 5x10" pful per tumor. Tumor 
size was measured and calculated as described above. At the 
end of the experiment, the animals were killed and the tumors 
were excised and processed for pathological and immunohis 
tochemical analysis. 

Example 12 

Inhibition of Lung Metastatic Tumor Growth by 
Protamine-Adenovirus Complex-Mediated 3p Gene 

Transfer In Vivo 

The inventors have developed a novel Protamine/Adenovi 
rus complex for enhancement of the efficiency of adenovirus 
mediated gene transfer in vitro and for systemic delivery of 
recombinant adenovirus to lung and other organs in Vivo by 
intravenous injection of the complex. The Protemine-Ad-3p 
complexes (PAd3ps) were used to study the effects of over 
expression of 3p genes on pulmonary metastatic tumor 
growth in A549 experimental lung metastasis model in nude 
mice (FIG. 11). The metastatic tumor growth was signifi 
cantly inhibited in PAd-101F6, PAd-Fus1, and PAd-Gene21 
treated mice, compared with those in control groups. These 
data are consistent with results obtained from Ad-3p-treated 
Subcutaneous tumors. Therefore, the 3p genes play a role in 
Suppression of tumor growth and inhibition of tumor progres 
sion in vivo. 

Example 13 

Effect of 3p Genes on Metastatic Tumor Growth by 
LPD3p- or PAD3p-Mediated 3p Genes Transfer In 

Vivo 

The experimental lung metastasis models of H1299 and 
A549 cells were used to study the effects of 3p genes on tumor 
progression and metastasis by Systematic treatment of lung 
metastatic tumors through intravenous injection of either 
PAD3p or LPD3p complexes. A549 cells (1-2x10) in 200ul 
PBS were intra venially inoculated with nude mice and 
H1299 cells (1-2x10) with SCID mice, respectively. Experi 
mental metastatic tumor colonies were formed 7-10 days 
post-inoculation. PAD3ps and control complexes were 
administered to animals by intravenous injection every other 
two days for 3 times eachata dose of 2-5x10" viral particles/ 
200-500 ug protamine, in a total volume of 200ul per animal. 
Alternatively, LPD3ps were applied by intravenous injection 
every day for 6 times each at a dose of 120 nmol liposome:6 
ug protamine:50 ug DNA, in a total volume of 200 ul per 
animal. Animals were killed two weeks post last injection. 
Lung metastasis tumors were stained with Indian ink', tumor 
colonies on the Surfaces of lung were counted under an ana 
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tomic microscope, and then the lung tissue were sectioned for 
further pathologic and immunohistochemical analysis. 

Example 14 

Analysis of Telomerase Activity and Cellular 
Immortality 

Activation of the enzyme telomerase, which has been asso 
ciated with cellular immortality, may constitute a key step in 
the development of human cancer. Because of the nearly 
universal deregulated expression of telomerase in lung cancer 
cells and the evidence for involvement of 3p genes in the 
telomerase repression regulatory pathway, it will be impor 
tant to study whether the alteration of tumor cell growth and 
proliferation implied by the introduction of wild-type 3p21.3 
genes is associated with repressed telomerase activity in 
Ad-3p transductants. To assay telomerase activity, untrans 
duced and Ad-3p- and control vector-transduced cells (10) 
are harvested and prepared as described previously. The cell 
extract equivalent to approximately 10, 10°, or 10" cells is 
used for each telomerase assay. A standard telomeric repeat 
amplification protocol procedure, which is capable of detect 
ing telomerase activity in as few as 10 to 100 lung cancer 
cells, is performed with modifications as described.''' 

Example 15 

123F2 (RASSF1A) in Lung and Breast Cancers and 
Malignant Phenotype Suppression 

I. Characterization of the 123F2 (RASSF1) Gene 
To determine if the 123F2 (RASSF1A) gene was mutated 

in lung and breast cancers, the inventors performed extensive 
mutational analysis of the RASSF1A isoform with the use of 
single-strand conformation polymorphism assays on 
genomic DNA. The inventors had previously found no 
RASSF1C mutations in 77 lung cancer cell line samples". 
By use of the RASSF1A sequence as a reference, the inven 
tors found several polymorphisms, including the following: 
codon 21 (AAG to CAG), Lys to Gln; codon 28 (CGT to 
CGA), no amino acid change; codon 49 (GGC to GGT), no 
amino acid change; codon 53 (CGC to TGC), Arg to Cys: 
codon 129 (GAC to GAG), Asp to Glu; codon 133 (GCT to 
TCT), Ala to Ser; and codon 325 (TAT to TGT), Tyr to Cys. 
The 123F2 (RASSF1) gene is shown in FIG. 12. 
II. Expression of RASSF1A and RASSF1C in Lung and 
Breast Cancer Cell Lines 

123F2 (RASSF1) is located within a region frequently 
affected by allele loss during growth of lung, breast, head and 
neck, kidney, and cervical tumors'''. The inventors inves 
tigated whether 123F2 (RASSF1A) and RASSF1C are 
expressed in lung and breast cancer cell lines. The inventors 
used isoform-specific RT-PCR to examine the expression of 
123F2 (RASSF1A) and RASSF1C in lung and breast tumor 
cell lines and in normal lung and breast epithelial cultures 
(FIG. 13). 

Isoform-specific RT-PCR assays were used for analysis of 
RASSF1A and RASSF1C expression. Primers for RASSFIC 
were Nox3 (5'-CTGCAGCCAAGAGGACTCGG-3' (SEQ 
ID NO:3)) and R182 and for RASSF1A were either PKCDF 
or NF (5'-TGCAAGTTCACCTGCCAC-3' (SEQID NO:4)) 
and R182 (FIG. 12. C). Total RNA was isolated from previ 
ously described lung and breast cancer cell lines grown in 
RPMI-1640 medium supplemented with 5% fetal bovine 
serum (complete medium) by Trizol extraction. Four micro 
grams of total RNA was reverse transcribed by use of 
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GIBCO-BRL Superscript First Strand cDNA Kit. All cDNA 
preparations were tested for the ability to amplify a nontran 
scribed genomic sequence immediately upstream of the first 
exon of the RASSF1A transcript. Any cloNAs that produced 
a product from this sequence were discarded because they 
were contaminated with genomic DNA. 

The inventors also assessed the expression of RASSF1A 
after exposure to 5-aza-2'-deoxycytidine, a drug that inhibits 
DNA methylation. The inventors exposed subconfluent cul 
tures of the RASSF1A-nonexpressing NSCLC line NCI 
H157 to 0.5 p.M 5-aza-2'-deoxycytidine for 48 hours, after 
which the inventors isolated total RNA and performed RT 
PCR for RASSF1A, RASSF1C, and glyceraldehyde-3-phos 
phate dehydrogenase (GAPDH). RT-PCR of GAPDH tran 
scripts was performed with the use of forward primer 
GAPDH-C (5'-CATGACAACTTTGGTATCGTG-3' (SEQ 
ID NO:5)) and reverse primer GAPDH-D (5'-GTGTCGCT 
GTTGAAGTCAGA-3' (SEQ ID NO:6)). RT-PCR products 
were separated by agarose gel electrophoresis and visualized 
after staining with ethidium bromide. 

123F2 (RASSF1A) was expressed in normal lung epithe 
lial cultures (NHBE and SAB cultures), in a normal breast 
epithelial culture (FIG. 13, C), but not in 32 (100%) of 32 
SCLC lines, in 17 (65%) of 26 NSCLC cell lines, and in 15 
(60%) of 25 (60%) breast cancer cell lines. Representative 
data are shown in FIG. 13. By contrast, RASSF1C was 
expressed in nearly all of the lung and breast cancer cell lines 
tested, with the exceptions of several lung and breast cancer 
lines with known homozygous deletions that include the 
123F2 (RASSF1) locus. In resected lung adenocarcinomas, 
123F2 (RASSF1A) was expressed in only two offive cancers, 
while RASSF1C was expressed in all cancers (FIG. 13, C). 

During RT-PCR analysis for 123F2 (RASSF1A), the 
inventors frequently noted two closely spaced bands in 
RASSF1A-expressing tumors and in NHBE cultures (FIG. 
13). The inventors sequenced these RT-PCR products and 
found that the larger band corresponded to 123F2 
(RASSF1A), while the smaller product represented a differ 
ent transcript, RASSF1F (GenBank Accession #AF286217). 
This transcript skips exon 1C to produce an mRNA encoding 
a predicted truncated peptide of 92 amino acids ending within 
the DAG-binding domain (FIG. 12. D). In nearly all of the 
samples, RASSF1F is expressed when 123F2 (RASSF1A) is 
expressed. However, in Some breast cancers and normal 
breast epithelial cultures (FIG. 13), 123F2 (RASSF1A) is 
expressed without RASSF1F expression. 
III. Methylation Status of the 123F2 (RASSF1A) Promoter 
Region 

Aberrant promoter methylation in tumors has been found 
to lead to the loss of gene expression of several tumor Sup 
pressor genes in human cancers". To assess whether the loss 
of 123F2 (RASSF1A) expression in lung cancer was the 
result of promoter hypermethylation, the inventors deter 
mined the CpG methylation status in the 5' region of 123F2 
(RASSF1A) (from -800 to +600 bp of the predicted 123F2 
(RASSF1A) transcript start site) by sequencing sodium 
bisulfite-modified DNA from eight lung cancer cell lines. 

The methylation status of the presumed RASSF1A and 
RASSF1C promoter regions was determined by methylation 
specific PCR. Genomic DNAs from lung cancer cell lines not 
expressing RASSF1A (NCI lines H1299, H1184, H1304, 
H841, H2108, and H128) or expressing RASSF1A (H1792 
and H2009) were modified by sodium bisulfite treat 
ment . Bisulfite treatment converts cytosine bases to 
uracil bases but has no effect on methylcytosine bases. PCR 
amplification followed by sequencing of the PCR fragments 
identifies specific CpG dinucleotides in the promoter region 
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that are modified by methylation' ' '. PCR primers 
were designed to amplify genomic sequences in the presumed 
promoter regions of RASSF1A (cosmid Luca12; GenBank 
Accession #AC0024.81 nucleotides 17730-18370) and 
RASSF1C (GenBank Accession #AC0024.81 nucleotides 
21022-21152 and 21194-21332). The resulting PCR frag 
ments were sequenced by automated fluorescence-based 
DNA sequencing to determine the methylation status. 
The data on CpG methylation in RASSF1A-nonexpressing 

lung cancer cell lines were used to design methylation-spe 
cific PCR (352) primers for the RASSF1A 5' promoter 
region: The primers to detect the methylated form were 
5'-GGGTTTTGCGAGAGCGCG-3 (SEQ ID NO:7) (for 
ward) and 5'-GCTAACAAACGCGAACCG-3' (SEQ ID 
NO:8) (reverse), and the primers to detect the unmethylated 
form were 5'-GGTTTTGTGAGAGTGTGTTTAG-3 (SEQ 
ID NO:9) (forward) and 5'-CACTAACAAACACAAAC 
CAAAC-3' (SEQID NO:10) (reverse). Each primer set gen 
erated a 169-base-pair (bp) product. Methylation-specific 
PCR cycling conditions consisted of one incubation of 15 
minutes at 95° C., followed by 40 cycles of a 30-second 
denaturation at 94° C., 50 seconds at an annealing tempera 
ture (64°C. for methylation-specific and 59° C. for unmethy 
lated-specific primers), a 30-second extension at 72°C., and 
a final extension at 72°C. for 10 minutes. PCR products were 
separated in 2% agarose gels. Lymphocyte DNA, methylated 
in vitro by CpG (SSSI) methylase (New England Biolabs, Inc., 
Beverly, Mass.) following the manufacturer's directions, was 
used as a positive control. A water blank was used as a 
negative control. 

All of the six lung cancer cell lines not expressing 123F2 
(RASSF1A) exhibited methylation of almost all CpG 
dinucleotide sites in the putative promoter region. The two 
lung cancer cell lines that did express 123F2 (RASSF1A 
either were not methylated at these CpG sites or showed 
limited methylation. By contrast, no methylation was found 
in CpG sites in the presumed RASSF1C promoter region of 
these eight cell lines. 
To confirm that promoter hypermethylation contributes to 

the lack of expression of 123F2 (RASSF1A) in the lung 
cancer cell lines, the inventors assessed the effect of 5-aza 
2'-deoxycytidine, a drug that inhibits DNA methylase, on 
123F2 (RASSF1A) expression. The inventors exposed the 
RASSF1A-nonexpressing NSCLC line NCI-H157 to 5-aza 
2'-deoxycytidine and found re-expression of 123F2 
(RASSF1A) by this cell line but little or no change in the 
expression of the housekeeping gene GAPDH or in the 
expression of RASSF1C (FIG. 14). 
IV. Methylation-Specific PCR Analysis of the Promoter 
Region of 123F2 (RASSF1A) in Lung and Breast Cancers 
To determine the methylation status of the promoter region 

of RASSE1A in primary lung and breast cancers, the inven 
tors used methylation-specific PCR analysis. Genomic DNA 
from a large number of primary resected NSCLCs, paired 
lung tissues resected from the same patients but not involved 
with the cancer, primary resected breast cancers, and a large 
panel of lung and breast cancer cell lines were treated with 
sodium bisulfite and tested for the presence of methylated and 
unmethylated CpG dinucleotides in the promoter region of 
123F2 (RASSF1A) (FIG. 15). All of the primary resected 
NSCLCs and non-tumor-paired samples contained unmethy 
lated promoter sequences, which were expected because 
these resected tumors were not microdissected and were con 
taminated with stromal cells. However, 32 (30%) of 107 
primary NSCLCs, 47 (100%) of 47 SCLC lines, and 19(49%) 
of 39 primary breast cancers exhibited the methylated 
RASSF1A allele (FIG. 15: Table 7). By contrast, no methy 
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lated alleles were detected in 104 paired resected nonmalig 
nant lung tissues (FIG. 15: Table 7). 

TABLE 7 

Frequency of methylation-specific polymerase chain reaction 
assay for detection of RASSF1A CpU island-methylated 

alleles in lung and breast cancers 

No. No. of methylation alleles 
DNA sample source* tested (positive) (%) 

Primary resected NSCLCs 107 32 (30%) 
Corresponding nonmalignant lung 104 0 (0%) 
NSCLC lines 27 17 (63%) 
SCLC lines 47 47 (100%) 
Primary resected breast cancers 39 19 (49%) 
Breast cancer lines 22 14 (64%) 

NSCLC = non-small-cell lung carcinoma; SCLC = Small-cell lung carcinoma, 

The inventors found a high frequency of methylated 123F2 
(RASSF1A) alleles in the panel of lung and breast cell cancer 
lines (Table 7). Because the lung and breast cancer cell lines 
represent essentially clonal populations of cancer cells with 
out contaminating normal cells, the inventors tabulated the 
frequency of the methylated and unmethylated 123F2 
(RASSF1A) alleles (Table 8). While the lung and breast can 
cer lines often derive from clinically more aggressive lesions 
than the average population of tumors'', the inventors 
previous studies' have shown that cancer cell lines con 
tinue to retain the genetic alterations found in the uncultured 
cancer specimens from which they were derived. The pres 
ence of only the methylated allele is consistent with either the 
methylation of both parental alleles or the retention of the 
methylated allele and the loss of the unmethylated 3p allele. 
All of the SCLC cell lines showed only the methylated allele 
or lacked 123F2 (RASSF1A) entirely because of a homozy 
gous deletion, consistent with the nearly universal 3p21.3 
allele loss in SCLC' ' '. Of the NSCLC cell lines, 13 
(48%) of 27 (Table 8) had only the methylated 123F2 
(RASSF1A) allele, and 10 (37%) of 27 had only the unm 
ethylated allele, consistent with a lower rate of 3p21.3 allele 
loss in this tumor type'. Likewise, 10 (45%) of 22 samples 
(Table 8) of breast cancer cell lines had only the methylated 
allele, and seven (32%) of 22 had only the unmethylated 
allele, again consistent with the rate of 3p21.3 allele loss 
found in breast cancer. As expected, two tumor lines 
shown previously to have homozygous deletions involving 
the 3p21.3 region were negative for both the methylated and 
the unmethylated allele (Table 8): 7. 

TABLE 8 

Presence of methylated and unmethylated RASSF1A 
alleles in 97 lung and breast cancer cell lines' 

RASSFIA CpG genotype 

Methylated 
allele Unmethylated allele SCLC NSCLC BCCL Total 

-- -- O 4 4 8 
-- 47 13 10 70 

-- O 10 7 17 
1 O 1 t 

Total 48 27 22 97 

*SCLC = small-cell lung cancer- NSCLC = non-small-cell lung cancer; BCCL = breast 
cancer cell lines, 
The two tumor cell lines with methylation-specific polymerase chain reaction genotypes 
lacking both methylated and unmethylated alleles (SCLC line NCIH740 and breast cancer 
line 11CC 1500) were knownto have homozygous deletions including the RASSFI locus in 
chromosome region 3p21.3, 
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For a subset of 61 lung and breast cancer cell lines, the 

inventors performed both expression and methylation analy 
sis and found a statistically significant association (P<0.001, 
Fisher's exact test) between the presence of methylated 
RASSF1A alleles and the loss of 123F2 (RASSF1A) expres 
sion. In 12 samples, 123F2 (RASSF1A) was expressed in the 
absence of a methylated allele; in 44 samples, 123F2 
(RASSF1A) was not expressed in the presence of a methy 
lated allele; in four samples, 123F2 (RASSF1A) was not 
expressed in the absence of methylated allele; and in one 
sample (a breast cancer cell line), 123F2 (RASSF1A) was 
expressed in the presence of both a methylated and an unm 
ethylated allele. These data show the critical association of 
123F2 (RASSF1A) methylation with loss of 123F2 
(RASSF1A) expression. 
The inventors next assessed whether there was any asso 

ciation between 123F2 (RASSF1A) promoter methylation 
and clinical findings in the patients with primary NSCLC. 
The inventors found no statistically significant association 
between 123F2 (RASSF1A) methylation and age, sex, 
tumor-node-metastasis (TNM) pathologic stage, or tumor 
histology in 107 resected NSCLCs. In addition, the inventors 
found no statistically significant association between 123F2 
(RASSF1A) methylation and age, TNM pathologic stage, 
tumor histology, estrogen or progesterone receptor status, or 
HER2/Neu expression in 39 primary resected breast cancers. 

Survival among lung cancer patients differed by the methy 
lation status of 123F2(RASSF1A) (P=0.046) (FIG.16). Also, 
by univariate analysis, in this group of 107 patients with 
NSCLC treated with an attempt at curative surgical resection, 
tumor (T1, T2, and T3), lymph node stage (N1 and N2), and 
reported weight loss were statistically significant predictors 
of adverse Survival. Neither Smoking history (yes/no or pack 
years with 40 pack-year cutoff) nor treatment differences (all 
patients had surgical resection of lobectomy or pneumonec 
tomy, and only five had prior radiotherapy or chemotherapy) 
accounted for the adverse survival. Because a multivariate 
analysis is of limited use with a small sample size, the inven 
tors performed a Cox proportional hazards regression analy 
sis by use of 123F2 (RASSF1A) methylation and the main 
univariate factors (tumor, lymph node stage, and weight loss). 
123F2 (RASSF1A) methylation was not found to be an inde 
pendent prognostic factor of survival. However, this result 
could be due to small numbers because even lymph node 
stage (a known prognostic factor) was also no longer an 
independent factor in the analysis. 
V. Effect of Exogenous Expression of 123F2 (RASSF1A) on 
Tumor Cell Phenotype 
The inventors examined the effect of RASSF1A on the 

tumor cell phenotype by three methods. The inventors used 
anchorage-dependent colony formation as a measure of pro 
liferation and anchorage-independent colony formation as a 
measure of malignant potential. The inventors also directly 
assessed in vivo tumor formation. 
The in vitro growth characteristics of NSCLCNCI-H1299 

clones that express RASSF1A were tested for anchorage 
dependent and anchorage-independent (soft agar) growth. 
After 48 hours of growth in nonselective medium, transiently 
transfected NSCLC NCI-H1299 cells were detached with 
trypsin and diluted, usually 10- to 25-fold, in complete-me 
dium containing 800 ug/mL of G418 and plated into fresh 
100-mm dishes. The medium was changed twice weekly. 
After 14 days, the medium was removed, the plates were 
washed with phosphate-buffered saline (PBS), and the colo 
nies were stained with 1% methylene blue in 50% (vol/vol) 
ethanol. For the anchorage-independent, Soft agar-growth 
assays, 1000RASSF1A-expressing cells were suspended and 
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plated in 0.33% Noble agar (Sigma Chemical Co. St. Louis, 
Mo.) in complete medium supplemented with 600 ug/mL 
G418 and layered over a 0.50% agar base in complete 
medium. After 21 days, colonies greater than 0.2 mm in 
diameter were counted. 

For retrovirally infected cells, anchorage-independent 
growth assays were performed as follows: 10000 viable 
selected cells from each infection were plated in 0.33% soft 
agar over a 0.50% agar base in Dulbecco's modified Eagle 
medium (Life Technologies, Inc.) with 10% heat-inactivated 
fetal bovine serum. After 21 days, colonies greater than 0.2 
mm in diameter were counted. 
The inventors also tested the ability of RASSF1A-infected 

cells to grow in vivo in nude mice. Male BALB/c nude (nu/ 
nu) 3- to 6-week-old mice were irradiated on day 0 of the 
experiment in groups of five animals by a 5-minute exposure 
to 350 cGy from a cesium source. The next day, each mouse 
was given an injection Subcutaneously on its flank with 0.2 
mL of sterile PBS containing 107 viable parental, vector con 
trol, or RASSF1A retroviral-infected NSCLC NCI-H1299 
tumor cells. Mice were monitored every 2-3 days for tumor 
size; once tumors reached greater than 1500 mm, the mice 
were killed. 

The inventors first cloned RASSF1A cDNA into 
pcDNA3.1+, an expression vector that contains a selectable 
marker, and transfected NCI-H1299 cells, which lack endog 
enous 123F2 (RASSF1A) expression. After selection for 
14-21 days, the inventors determined colony formation of 
NCI-H1299 cells in both anchorage-dependent and anchor 
age-independent assays. Expression of 123F2 (RASSF1A) in 
NCI-H1299 cells resulted in a 40%-60% decrease in anchor 
age-dependent colony formation and in an approximate 90% 
decrease in anchorage-independent colony formation com 
pared with cells transfected with the pcDNA3.1 vector alone 
(FIG. 17, A). Because NCI-H1299 cells have an intragenic 
p53 homozygous deletion, transient expression of wild-type 
p53 can serve as a positive control for growth inhibition. 
Indeed, expression of wild-type p53 in NCI-H1299 cells 
resulted in a 80% and 95% reduction in colony formation in 
anchorage-dependent and anchorage-independent assays, 
respectively (FIG. 17, A). Several clones of NCI-H1299 cells 
transfected with 123F2(RASSF1A) were isolated in selective 
medium and were found to express 123F2 (RASSF1A) by 
northern blot analysis (FIG. 17, B). Although the clones grew 
well in vitro, each had reduced anchorage-independent 
colony formation by approximately 90% compared with the 
vector-transfected control clones (FIG. 17, C). 

To eliminate the possibility that the pcDNA3.1+ vector 
mediated the growth-Suppression effects, the inventors 
infected NCI-H1299 cells with retroviral-expression vectors 
containing 123F2 (RASSF1A) or RASSF1C and tested the 
ability of these cells to grow in an anchorage-independent 
manner. Cells expressing 123F2 (RASSF1A) had a marked 
reduction in the ability to form soft-agar colonies compared 
with cells infected with the retroviral empty vector or the 
retroviral vector containing RASSF1C (FIG. 17, D). Cells 
expressing the retroviral vector formed 3200 colonies per 
10000 cells plated. 123F2 (RASSF1A)-expressing cells 
formed only 19% of the vector control colonies, while 
RASSF1C formed 108% of the vector control. RASSF1A 
and RASSF1C-infected cells grew well in vitro and showed 
no signs of toxicity or apoptosis. 

Finally, the inventors tested the ability of the retrovirally 
infected NCIH1299 cells to form tumors in nude mice. Cells 
transfected with the vector (parental cells) formed tumors 
rapidly (FIG. 17, E). By contrast, cells infected with 123F2 
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(RASSF1A) retroviral vector and expressing the 123F2 
(RASSF1A) protein had much lower tumorigenicity in vivo 
(FIG. 17, E). 

Example 16 

Several Genes in the Human Chromosome 3p21.3 
Homozygous Deletion Region Exhibit Tumor 
Suppressor Activities. In Vitro and In Vivo 

I. Effects of Forced Expression of 3p Genes on Tumor Cell 
Growth. 
To test the hypothesis that one or more of the 3p genes 

function as tumor Suppressors in vitro, the inventors per 
formed a series of experiments to study the effects of expres 
sion of the 3p21.3 genes on cell proliferation in several types 
of Ad-3p-transduced human NSCLC cells and a normal 
HBEC line. Cells in each line were transduced in vitro by 
Ad-101F6, Ad-FUS1, Ad-NPRL2, Ad-BLU, Ad-RASSF1, 
Ad-HYAL2 and Ad-HYAL1 vectors at various MOIs in units 
of Vp/c; cells were treated with PBS, Ad-EV. Ad-Lacz, or 
Ad-p53 as mock, negative, non-specific, or positive controls, 
respectively. The transduction efficiency was determined by 
examining GFP-expressing cells in the Ad-GFP-transduced 
cell population under a fluorescence microscope and was 
found to be greater than 80% at the highest MOI applied for 
each cell line. 

Cell proliferation was analyzed by using the XTT assay to 
determine the number of viable cells remained at 1, 2, 3, and 
5 days after transduction only data for day 5 at highest MOIs 
(5000 vp/c for A549, 1000 vp/c for H1299, 5000 vp/c for 
H460, 2500 vp/c for H358, and 1000 vp/c for HBE, respec 
tively) are shown (FIG. 19). In all cases, the viability of 
transduced cells was compared with that of untransduced 
(PBS-treated) control cells (whose viability was set at 100%). 
As can be seen in FIG. 22, cell viability was significantly 
reduced in Ad-101F6-, A4-Fus 1-, and Ad-NPRL2-trans 
duced A549 and H460 cells, which show homozygosity for 
multiple 3p21.3 markers and contain wild-type p53, and 
H1299 cells, which exhibit3.p21.3 homozygous but also have 
a homozygous deletion of p53. A modest reduction of cell 
viability was shown in Ad-RASSF1C-transduced H1299 
cells. However, no significant effect on growth was observed 
in any of these cells transduced with Ad-HYAL1, 
Ad-HYAL2, Ad-BLU, Ad-EV or Ad-Lacz. These results sug 
gest that exogenous expression of some wild-type 3p21.3 
genes could inhibit 3p-deficient tumor cell growth or restore 
the tumor Suppressor function of these 3p21.3 genes in vitro. 
To clarify the specificity of the observed inhibitory effects 

on tumor cell growth and examine the potential cytotoxicity 
of the exogenously expressed 3p21.3 genes on normal cells, 
the inventors analyzed the effects of these 3p21.3 genes on 
cell proliferation in 3p21.3 heterozygous H358 cells and nor 
mal HBECs (FIG. 19). As shown in FIG. 19, HBECs trans 
duced with all Ad-3p genes at highest MOIs had losses of cell 
viability of less than 10%, while H358 cells transduced with 
the same vectors had losses of cell viability less than 20% 
when compared with the untransduced control cells. Similar 
levels of losses of cell numbers were observed in H358 and 
HBEC cells transduced with Ad-EV and Ad-LacZ. H358 cells 
which are deleted for p53 showed reduced cell viability when 
transduced with the Ad-p53 control. These results couple 
with the lack of effect with Ad-Lac7, Ad-HYAL2, 
Ad-HYAL1, Ad-RASSF1, and Ad-BLU, demonstrate the 
specificity of the tumor-suppressing function of 3p21.3 
genes, FUS1, NPRL2, 101F6 in 3p-deficient tumor cells and 
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indicate that no generalized cytotoxicity was associated with 
exogenous expression of these wild-type 3p21.3 genes. 

Expression of 3p21.3 genes in Ad-3p transfectants was 
verified by quantitative real-time RT-PCR, and known con 
centrations of human total RNA and primers and TaqMan 
probe for B-actin DNA and for GAPDH cDNA were used as 
standards and internal controls, respectively (FIG. 20). The 
transcription of FUS1 (FIG.20A), 101F6 (FIG.20B), NPRL2 
(FIG.20C), and HYAL1 (FIG. 20D) was demonstrated quan 
titatively by showing the association between increased levels 
of expression of these 3p21.3 genes with increased MOIs of 
the corresponding Ad-3p vectors in transduced H1299 cells. 
The transcription of other 3p21.3 genes, HYAL2, HYAL1, 
BLU, and RASSF1, was also detected by real-time RT-PCR. 
The expression of FUS1 and 101F6 proteins was detected 
also by western blot analysis using available polyclonal anti 
bodies raised against the oligopeptides derived from their 
deduced amino acid sequences. 
II. Induction of Apoptosis by 3p Genes in Ad-3p-Transduced 
Tumor Cells. 
The ability of exogenously expressed 3p21.3 genes to 

induce apoptosis in the Ad-3p-transduced H1299, A549, 
H460, H358, and HBEC cells was analyzed by FACS using 
the TUNEL reaction (FIG. 21). Induction of apoptosis was 
detected in Ad-101F6-, Ad-FUS1-, and Ad-NPRL2-trans 
duced A549 (FIG. 21A), H1299 (FIG.21B), and H460 (FIG. 
21C) cells, but not in H358 (FIG. 21D) and HBEC(FIG.21E) 
cells. The apoptotic cell populations increased with increased 
duration of transduction; more than 15-20%, 40-65%, and 
75% of cells were apoptotic 5 days after transduction with 
Ad-101F6, Ad-FUS1, and Ad-NPRL2 in the transduced 
H1299, A549, and H460 cells, respectively, whereas only 
about 7% and 10% of cells treated with PBS alone and trans 
duced with Ad-EV vector, respectively, were TUNEL-posi 
tive after the same time interval. The levels of apoptosis 
induction by Ad-101F6, Ad-FUS1, and Ad-NPRL2 appeared 
20-50% more significant in A549 and H460 cell lines with 
wild-type p53 genes (FIGS. 21A and 21C) than that in H1299 
cell line deleted for p53 gene (FIG.21B). Levels of apoptosis 
in A549 and H460 cells were comparable to those induced by 
Ad-p53 in p53-deficient H1299 and H358 cells (FIGS. 21B 
and D). However, no significant induction of apoptosis was 
observed in any tumor cell line transduced by Ad-BLU, Ad 
RASSF1, Ad-HYAL2, and Ad-HYAL1 (FIG. 21). The levels 
and time of induction of apoptosis in cells transduced by these 
Ad-3p vectors were well correlated with those of cell prolif 
eration inhibition in cells treated with the same vectors (FIG. 
19), Suggesting that Suppression of tumor cell proliferation by 
3p21.3 genes is mediated directly or indirectly through a 
mechanism of apoptosis induction. 
III. Suppression of Tumor Growth by Intratumoral Injection 
of Ad-3p Vectors. 

To determine whether the observed inhibitory effects of 
these 3p21.3 genes on tumor cell proliferation in vitro could 
be demonstrated on tumor growth in Vivo, the inventors evalu 
ated the efficacy of 3p21.3 genes in Suppressing tumor growth 
by direct intratumoral injection of Ad-3p21.3 gene vectors, 
along with PBS and Ad-EV. Ad-Lacz, and Ad-p53 vectors as 
controls, into A549 or H1299 tumor xenografts in nu/nu mice 
(FIG. 22). The growth of tumors was recorded from the first 
injection until 20 days after the last injection. Tumor volumes 
were normalized by calculating the percentage increase in 
tumor volume after treatment relative to volume at the begin 
ning of treatment in each group. In both A549 (FIG.22A) and 
H1299 (FIG. 22B) tumor models, all of the tumors treated 
with Ad-101F6, Ad-FUS1, or Ad-NPRL2 showed signifi 
cantly suppressed growth (P<0.001), compared with mouse 
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groups treated with Ad-Lacz or Ad-EV controls, whereas no 
significant effect was observed in Ad-BLU, Ad-RASSF1, and 
Ad-HYAL1-treated tumors. H1299 A549 tumor xenografts 
but not A549H1299 tumors treated with Ad-HYAL2 showed 
significant reduction only at the end points of treatment 
(P=0.036). Moreover, a significantly stronger inhibition of 
tumor growth was shown in A549 tumors treated with 
Ad-101F6 and Ad-NPRL2 vectors than in tumors treated with 
the Ad-p53 vector (FIG.22A). 
IV. Inhibition of Development of Experimental Lung 
Metastases by Protamine-Adenovirus Complex-Mediated 
3p21.3 Gene Transfer. 
A novel formulation using protaminefadenovirus com 

plexes (designated P-Ad) for enhanced systemic delivery of 
recombinant adenovirus in vivo was developed to further 
explore the potential of 3p21.3 genes in Suppressing systemic 
metastases. An experimental A549 metastatic human lung 
cancer model was used to study the effects of 3p21.3 gene 
transfer on the development of lung metastases in nu/nu mice 
(FIG. 23). The adenoviral 3p21.3 gene vectors were com 
plexed to protamine and delivered via intravenous injection. 
The development of A549 metastases was significantly inhib 
ited and the formation of metastatic tumor colonies on the 
surfaces of lungs from mice inoculated with A549 was 
reduced more than 80% in animals treated with P-Ad-101F6, 
P-Ad-FUS1, P-Ad-NPRL2, P-Ad-BLU or P-Ad-HYAL2 
compared with those in control treatment groups (FIG.23A). 
However, no significant reduction of metastatic colony for 
mation was observed in animals treated with P-Ad-HYAL1 
and P-Ad-RASSF1P-Ad-BLU. These data are consistent 
with results obtained from Ad-3p-treated subcutaneous 
tumors, further supporting the roles of these 3p21.3 genes in 
Suppression of tumor growth and inhibition of tumor progres 
sion in vivo. 

Example 17 

Overexpression of Candidate Tumor Suppressor 
Gene FUS1 Isolated from the 3p 21.3 Homozygous 
Deletion Region Leads to G1 Arrest and Growth 

Inhibition of Lung Cancer Cells 

Very frequent loss of one allele of chromosome arm 3p in 
both Small lung cancer (SCLC) and non-Small cell lung can 
cer (NSCLC) provides strong evidence for the existence of 
tumor Suppressor genes (TSGs) in this chromosome 
region; 777. Multiple different 3p regions show 
ing isolated allele loss were identified by detailed allelotyping 
studies suggesting there are several different TSGs located on 
3p suggesting there are several different TSGs located on 
3p' ' '. Nested homozygous deletions in lung cancer 
and breast cancer cell lines have been found at 3p21.3 that 
focused our search on a 630 kb region including the identifi 
cation, annotation, and evaluation of 25 new genes as TSG 
candidates 7: ; ; ; ; 79. A breast cancer deletion 
narrowed this region further to 120 kb and 9 TSG candidates 
(CACNA2D2, PL6, 106F6, NPRL2/g21, BLU, RASSF1, 
FUS1, HYAL2, HYAL1) were located in or bordering this 
region. One of these candidate TSGs, FUS1 (AF055479), 
did not show homology with any known genes, was found to 
have only few mutations in lung cancers, and usually was 
expressed at the mRNA level in lung cancers 366 Several 
NSCLCs (NCI-H322 and NCI-H1334) exhibited the same 
nonsense mutation, which arose from aberrant mRNA splic 
ing. This aberrant form lacked 28 bp of mRNA at the 3' 
terminus of FUS1 exon 2 resulting in a truncated predicted 
protein of 82 amino acids compared to 110 amino acids in the 
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wild-type (FIG. 24). To confirm the inventors mutational 
analysis, which previously had been conducted on lung can 
cer cell line DNAs, they searched for other mutations in FUS1 
in primary uncultured lung cancers. Single Strand conforma 
tion polymorphism (SSCP) analysis was performed using 
genomic DNA of 40 primary uncultured lung cancers (9 
SCLCs and 31 NSCLCs) (FIG. 24). No mutations were 
detected although the inventors found a single nucleotide 
polymorphism in intron 2 that did not alter the amino acid 
sequence of FUS1. 
The inventors next considered CpG island promoter region 

methylation as an epigenetic mechanism leading to TSG inac 
tivation. In fact, Such tumor acquired promoter region methy 
lation was found to occur for the RASSF1A mRNA isoform 
residing immediately centromeric to FUS1. However, 
FUS1 mRNA was expressed in most lung cancers making 
such CpG methylation an unlikely method of inactivation of 
FUS1. In addition, the 5'putative promoter region contain 
ing CpG islands of FUS1 was sequenced using sodium 
bisulfite treated DNA from 6 lung cancers were the inven 
tors did not detect FUS1 protein expression and found no 
CpG methylation. 
The possibility of haploinsufficiency or reduced expres 

sion of FUS1 was considered as another mechanism for this 
gene to participate in lung cancer pathogenesis' ' '. 
The inventors first performed western blot analysis of a panel 
of lung cancer cell lines using an anti-Fus 1 anti peptide anti 
body which readily detected exogenously expressed Fus 1 
(FIG. 25) but could not detect any endogenous FUS1 expres 
sion in lung cancers (FIG. 25 for H1299 NSCLC given as an 
example of negative data). This lack of detection could be due 
to a variety of factors including the quality of the antibodies. 
Nevertheless, if loss or low levels of FUS1 protein expression 
was involved in lung cancer pathogenesis the inventors rea 
soned that exogenous introduction and expression of Fus 1 
might Suppress the malignant phenotype. Colony formation 
assays were performed after transfection of FUS1 expression 
vectors. The inventors made a C terminal FLAG-tagged 
FUS1 construct by PCR and ligated it into expression vector 
pcDNA3.1 (Invitrogen, Carlsbad Calif.). Empty vector and 
an expression vector containing wild-type FUS1, FLAG 
tagged FUS1, and the 82 aa mutant FUS1 were was trans 
fected into NSCLC NCI-H1299 cells which has suffered 
allele loss for the 3p21.3 630 kb region and does not express 
detectable FUS1 protein (FIG. 25), and NSCLC NCI-H322 
cells containing a expressing the endogenoushomozygous 
nonsense truncation mutation of FUS11 and also not express 
ing detectable FUS1 protein. Expression of the FUS1 con 
structs in H1299 cells after transient transfection was con 
firmed by Western blot analysis using anti-Flag and anti-N 
terminal FUS1 antibodies (FIG. 25). The effect of FUS1 
transfection with a neo resistance gene on lung cancer colony 
formation was tested. The numbers of G418 resistant colonies 
in the FUS 1 transfections were dramatically reduced in com 
parison with transfection with the empty vector (FIG. 25). By 
contrast, the number of colonies formed in the mutant FUS1 
transfectants was only slightly reduced, Suggesting that this 
lung cancer-associated mutant FUS1 was functionally inac 
tive (FIG. 25). 
An ecdysone inducible mammalian expression system in 

H1299 cells was developed to confirm that overexpression of 
FUS1 could inhibit tumor cell growth. In this system, FUS1 
expression is induced in the presence of Ponasterone A. 
H1299 parent ECR9 cells with the regulatable hormone 
receptor vector pVgRXR alone served as an additional con 
trol. H1299 ECR9 cells were transfected with plNDsp1 
FUS1-FLAG (neo), selected with G418 in the presence or 
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absence of Ponasterone A, and compared the numbers of 
G418 resistant colonies. The number of colonies formed in 
cells with induced expression of in the FUS1 induced condi 
tion was decreased an average of 75+8% compared with 
number of colonies in cells under the uninduced condition, 
providing another confirming action of the growth inhibitory 
activity of FUS1. Twenty stable G418 resistant clones were 
isolated in the uninduced condition and, the inducible expres 
sion of FUS1-FLAG was examined. Among them, 6 clones 
showed some FUS1 induction and two stable clones were 
selected (C1.13 and C1.16) in which expression of FUS1-Flag 
was as clearly inducible by Ponasterone A (FIG. 26). How 
ever, both cell lines expressed some FUS1 in the uninduced 
condition, indicating that regulation of FUS1 expression was 
leaky. 
The cell growth rate was examined in induced and unin 

duced conditions by the MTT assay. Ponasterone A has no 
effect on the growth of parental cell line H1299 ECR9 cells, 
but the growth of C1.13 and Cl. 16 cells were inhibited in the 
presence of Ponasterone A (FIG. 26). The induction of Fus1 
expression and inhibition of tumor cell growth appeared to be 
dependent on the dose of Ponasterone Aboth increasing with 
the increased concentrations of Ponasterone A (FIG. 26). 
With Fus 1 induction, the doubling times of the tumor cells 
were also increased in both clones, from 22 to 46hrs for C1.13 
and from 21 to 45 hrs for Cl. 16, respectively. These results 
also indicated that overexpression of Fus 1 suppresses H1299 
lung cancer cell growth in vitro. 
An increase of apoptosis in H1299 cells under induced 

condition by TUNEL assay was not observed. However, 
when cells were induced by Ponasterone A to express Fus1 
for 48 hrs and analyzed by fluorescent activated cell sorter 
(FACS) analysis (see legend of FIG. 26 for details) by FACS 
analysis the inventors found: parental H1299-ECR9 cells to 
have unchanged cell cycle parameters (G1 51%, S18%, G2/M 
31% uninduced and G1 50%, S 18%, G2/M 32% induced); 
while Fus 1 induced clones showed G1 arrest (H1299 clone 13 
showed G1 50%, S17%, G2/M33% uninduced and G1 65%, 
S10%, G2/M 25% induced; and H1299 clone16 G1 56%, 
S16%, G2/M28% uninduced and G1 65%, S12%, G2/M 23% 
induced). The increase in G1% was significant (P<0.05, stu 
dents t test). These results suggest of cell cycle analysis 
showed that overexpression of FUS1 in H1299 cells is asso 
ciated with G1 arrest and alteration of cell cycle kinetics. 
Lung cancer cell lines do not express detectable endog 

enous levels of Fus1 protein, and exogenous introduction of 
Fus 1 with overexpression inhibited lung cancer cell growth in 
vitro. This growth inhibition was seen in a lung cancer line 
Suffering allele loss for the region and in another carrying a 
homozygous truncating mutation of FUS1. In addition, the 
inventors found that this truncated Fus 1 protein had lost 
tumor growth Suppressing activity. Besides the acute trans 
fection studies, the inventors established a Fus 1 inducible 
system and showed that tumor growth inhibition was corre 
lated with the level of expression of Fus1 protein. In addition, 
cell cycle analysis using the same expression-regulatable sys 
tem showed that the mechanism for the inhibition of cell 
growth was associated with G1 arrest and not with induction 
of apoptosis. Finally, the inventors confirmed that Somatic 
mutation of FUS1 was rare in primary lung cancers (0/40), in 
agreement with previous studies which showed 3/79 lung 
cancers with alterations in the FUS1 gene (2 nonsense muta 
tions and 1 deletion). In fact the frequency of mutation in any 
of the 22 out of 25 candidate genes the inventors have studied 
in detail in this 600 kb 3p21.3 region is low compared to the 
high frequency LOH at this locus. One possibility to account 
for the low mutation frequency is loss of expression of FUS1 
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or other of the 3p21.3 genes by tumor promoter acquired 
methylation. The expression of RASSF1A mRNA isoform 
isolated from the same 3p21.3 deletion region and 15.5 kb 
centromeric of FUS1 was repressed in many lung cancers by 
acquired CpG island promoter DNA methylation for this 
gene. Replacement of RASSF1A inhibited tumor cell 
growth in vitro and in vivo indicating RASSF1A is another 
candidate tumor Suppresser gene in this locus. However the 
inventors have not found loss of FUS1 mRNA expression366 
or 5' region CpG methylation for FUS1 in lung cancers thus 
excluding tumor acquired promoter methylation as an inac 
tivating mechanism for the FUS1 gene. FUS1 may act as 
haploinsufficient tumor suppressor gene. The inventors 
experiments showed that overexpression of FUS1 caused G1 
arrest in H1299. Although some signal or environmental cue 
may induce the expression of Fus 1 and lead to G1 arrest in 
normal cells, 3p allelic loss and some other alteration of FUS1 
in malignant cells may lead to haploinsufficiency and/or loss 
of expression of FUS1 in lung tumors and escape from cell 
cycle arrest. 

All of the compositions and/or methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be appar 
ent to those of skill in the art that variations may be applied to 
the compositions and/or methods and in the steps or in the 
sequence of steps of the method described herein without 
departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be sub 
stituted for the agents described herein while the same or 
similar results would beachieved. All such similar substitutes 
and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the 
invention as defined by the appended claims. 
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- Continued 

SO 55 6 O 

Gly Ala Ala Gly His Pro Trp Glu Gly Pro Asn Thr Gly Gly Gly Ala 
65 70 7s 8O 

Asp Val Glu Ala Glu Gly Val Pro Cys Val Lieu. Glin Gly Ala Pro Glu 
85 90 95 

His Lieu Pro His Lieu. His Gly Gly Ala Pro Arg Gly Lieu. His His Glin 
1OO 105 11 O 

Pro Lieu. Gly Asp Ser Val Lieu Pro Glin Gly Val Ser Arg Arg His Cys 
115 12 O 125 

Lieu. Gly Lieu. Gly Arg Lieu. Lieu Pro Pro Ala Gly Gly Pro Glu Trp Lieu. 
13 O 135 14 O 

Trp Trp Pro Pro Gly Gly Gly Ile Pro Gly Glin Gln Pro His Ala Gly 
145 150 155 160 

Ala Ala Glu Ala Gly Ile Asp Cys Thr Glu Gly Pro Lieu. Ser Thir Thr 
1.65 17O 17s 

Lieu. Cys Gly Glin Pro Leu Ser Gln His Leu Glu Pro Tyr Ala His Thr 
18O 185 19 O 

Gln Pro Ala Leu Pro Pro Gly Gly Thr Ala Gly Ala Ser Lieu. Glu Pro 
195 2OO 2O5 

Ala Gly Arg Arg Glin Ala Ala Ala Val Arg Gly Glin Cys Gly Pro Lieu 
21 O 215 22O 

Arg Ala Ala Lys Ala Glu Glin Val Gly Arg Ala Ser Val Asp Arg Pro 
225 23 O 235 24 O 

Val Glin Pro Ala Ala Lys Pro Gly Lieu Pro His Llys Phe Cys Glin Gly 
245 250 255 

Thr Ala Thr Glin Ala His Arg His Thr Ala Gly Pro Ala Ala Glin Pro 
26 O 265 27 O 

Gly Pro Leu Ala Glu Phe Pro Gly Pro Ser Asp Pro Asn Asn Pro Ala 
27s 28O 285 

Ser Glu Gly Pro Gly Val Gly Thr Asp Pro Arg Asn Lieu. Gly Ala Ala 
29 O 295 3 OO 

Gly Arg Glin Val Ala Gly Asn. Cys Glin Ala Pro Ala Pro Ala Cys Val 
3. OS 310 315 32O 

Glin Pro Lieu. Arg Ala Gly Pro Val Ala Ala Gly Ala Lys Val Asp Lieu. 
3.25 330 335 

Glin Ala Gly Cys Ala Arg Gly Ser Gly Ser Arg Ala Ala Lieu. Glin Cys 
34 O 345 35. O 

Arg Gly Phe Ala Lieu. Lieu. Thir Met Pro Glu 
355 360 

<210s, SEQ ID NO 3 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 3 

Ctgcagcc aa gaggacticgg 

<210s, SEQ ID NO 4 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 4 
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tgcaagttca cct gccac 

<210s, SEQ ID NO 5 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 5 

catgacaact ttggitat cqt g 

<210s, SEQ ID NO 6 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 6 

gtgtc.gctgt taagt caga 

<210s, SEQ ID NO 7 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OO > SEQUENCE: 7 

gggttittgcg aga.gc.gc.g 

<210s, SEQ ID NO 8 
&211s LENGTH: 18 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 8 

gctaacaaac gcgaac.cg 

<210s, SEQ ID NO 9 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 9 

ggttttgttga gagtgttgttt ag 

<210s, SEQ ID NO 10 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 10 

Cactaacaaa Cacaalaccala ac 

<210s, SEQ ID NO 11 
&211s LENGTH: 19 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 11 

gttatggtag toggactg 

<210s, SEQ ID NO 12 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 12 

ggtggalacca ttgccCttac 

<210s, SEQ ID NO 13 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 13 

gacctgtgac atttgc.cgtg 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 14 

caacagat co catctggg to 

<210s, SEQ ID NO 15 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 15 

cctgagctga ccc cittaca 

<210s, SEQ ID NO 16 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 16 

tctgtctgcc acct cocag 

<210s, SEQ ID NO 17 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs, SEQUENCE: 17 

aggcgagtgc ataagaatct gattic ct cag gtacgtga 
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We claim: 
1. An expression cassette comprising a polynucleotide 

encoding a human Fus-1 polypeptide, wherein said poly 
nucleotide is under the control of a heterologous promoter 
operable in eukaryotic cells. 

2. The expression cassette of claim 1, wherein said pro 
moter is a tissue specific promoter. 

3. The expression cassette of claim 1, wherein said pro 
moter is an inducible promoter. 

4. The expression cassette of claim 1, wherein said expres 
sion cassette is contained in a viral vector. 

5. The expression cassette of claim 4, wherein said viral 
vector is selected from the group consisting of a retroviral 
vector, an adenoviral vector, an adeno-associated viral vector, 
a vaccinia viral vector, and a herpesviral vector. 

10 

96 
6. The expression cassette of claim 1, wherein said expres 

sion cassette further comprises a polyadenylation signal. 
7. The expression cassette of claim 1, wherein said expres 

sion cassette is contained in a lipid preparation. 
8. The expression cassette of claim 7, wherein said lipid 

preparation is DOTAP:Cholesterol. 
9. The expression cassette of claim 8, wherein said lipid 

preparation further comprises protamine. 
10. A eukaryotic cell comprising an expression cassette 

comprising a polynucleotide encoding a human Fus-1 
polypeptide, wherein said polynucleotide is under the control 
of a promoter operable in eukaryotic cells, said promoter 
being heterologous to said polynucleotide. 

k k k k k 
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